Begleiter,Henri, & Kissin, Benjamin(editors).The Pharmacolog
of Alcohol andAlcohol DependenceNew York: Oxford
University Press1996.

/

Alcohol, Alcoholism, and the Autonomic
Nervous System: A Critical Account
IRVING MAITZMAN AND KSENIJA MARINKOVIC

Much of the current human experimental research on alcohol and the autonomic
nervous system is driven by theoretical interests that were not apparent at the time
of earlier ;eviews (e.g., Jones, et al.,, 1976; Naitoh, 1971; Wallgren and Barry,
1970). Among these theoretical concerns are expectancy and the balanced placebo
design, cue reactivity and craving, priming, risk factors, and conditioned tolerance.
These issues are important not only because of their theoretical significance but
also because of their practical implications for treatment and treatment choice:
abstinence versus controlled drinking. In this chapter we review some of these
issues as they are reflected in studies using measures of the autonomic nervous
system (ANS). ‘
Experimental research and related theoty in these areas might be enhanced if
they were integrated more closely with theory and research in traditional areas of
psychophysiology, especially those concerned with the organismic orienting reflex
(OR), (Kimmel et al., 1979; Maltzman, 1990; Sokolov, 1960, 1963a,b; Sokolov
and Vinogradova, 1975). The OR serves as an integrative framework, as well as

a focus for our critical evalvation of much of the recent experimental research on
alcobol and the ANS, ‘ :

General Considerations

Some of the most important, obvious, but often uncontrolled variables in exper-

iments in the field of alcoho! and alcoholism are characteristics of the subject
population.
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Smoking and Other Drug Use

A subject variable that is often overlooked by investigators is whether the partic-
ipant in an experiment is a smoker or nonsmoker. Smoking tends to be more
common among alcoholics than nonalcoholics (Istvan and Matarazzo, 1984; Wal-
ton, 1972). It may have complex interactions with alcohol and other drug use,
which may confound the effects of ethanol. For example, while performing in a
psychophysical experiment, smokers who still smoked had consisistently higher
heart rates (HRs) than abstaining smokers and nonsmokers whether they received
high, low, or no dose of alcobol (Mello and Mendelson, 1986). In terms of elec-
trodermal measures, smokers may attain the level of responsivity of nonsmokers
immediately after smoking. However, smokers who abstain for a few hours will
show lesser skin conductance responses (SCRs) than nonsmokers. These effects
may interact with the kind of responses to novel or significant signal stimuli and
may be modulated further by the stress of the unfamiliar psychophysiclogical
laboratory (Lyvers et al., 1988).

Changing policies of hospitals concerning the permissibility of smoking make it
mote difficult to compare current and future studies with earlier experiments, mak-
ing it all the more important to describe explicitly the smoking history of subjects,
and where possible, to use the number of cigarettes smoked per day as a co-variate.

Controlling for illicit drug use is also essential, especially since polydrug use
seems increasingly common among younger alcoholics. Interactions between al-
cohol and narcotics are likely to be reflected in autonomic measures. For example,
Foltin and Fischman (1988) reported that a combination of ethanol and cocaine
resulted in a higher heart rate (FIR) than the use of either drug alone. Prescription
medication and psychotropic drug use must be assessed and taken into account,
since they may directly affect ANS measures,

Head Injuries

A history of head injuries is usually overlooked in studies using alcoholics or
problem drinkers as subjects. Since alcoholics are more likely to have suffered
head injuries than nonalcoholic contrel subjects, it is important to obtain a history
from all subjects. ‘

Chandler and co-workers (1975) demonstrated that possible brain injury, as
indicated by self-reports of alcoholics, had an attenuating effect on autonomic
measures, particularly phasic skin conductance (SC). Including patients with pos-
sible brain injury in the same group with patients with negligible injury reduced
the overall difference in SC-ORs between patients and control groups in a psy-
chophysical task situation.

. Gender and Ethnicity

By far the majority of studies of alcohol and alcoholism are restricted to male sub-
jects. Ethanol’s effects on women are therefore much less understood. Examining
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gender differences will sharpen the precision of the statistical analyses, increase the
generality of the results, and provide an opportunity to isolate possible differences
between women and men on variables of importance. Except for cardiovascular dif-
ferences between men of Asian and European ancestry in response to an alcohol
challenge, ethnic differences also have been neglected (Newlin, 1989b).

ANS, Specific and Nonspecific Responses, and Functional Systems

Despite anatomical and functional differences, the CNS and ANS act in synchrony
and interact on numerous levels. Although the ANS has a certain degree of au-
tonomy (hence the term ‘‘autonomic’’) in its control over the internal physiolog-
ical milieu, its function is also highly influenced by the CNS. Ethanol’s effects
on ANS function are many and by no means simple. To maintain an optimal
physiological state, the ANS operates with complex and interdependent sequences
of negative and positive feedback. Any simplified generalizati()n about the effects
of alcohol on the ANS is virtually impossible.

Unlike many drugs (e.g., morphine and cocaine) alcohol, lacking specific receptors,
exerts nonspecific effects on the cell membrane. Alcohol’s effects on a wide array
of cell activities (such as neuronal excitability, enzyme functions, and receptor sen-
sitivity, seem to indirectly involve the ‘“fluidization’” changes of the membrane.

Effects of alcohol on the ANS cannot be studied in isolation without considering
endocrine changes since the two coordinating systems are closely related and
interdependent, as reflected by the adrenal medulla as the hormonal component
of the ANS. Adrenomedullary activity, as activated by the sympathetic nervous
system (SNS), has been reported to increase in response to the administration of
alcohol, excreting noradrenaline and adrenaline (Marks, 1980).

Peripheral responses are relatively nonspecific. An increase in HR or electro-
dermal activity may be a component in different functional physiological systems
and be induced by a variety of stimulus events. These functional systems include
the appetitive, sex, fear, pain, and orienting systems. They involve integrated central
and peripheral, somatic, autonomic, hormonal, and behavioral specific consumma-
tory responses, as well as approach, avoidance, or indifference to environmental
events. In our area of concern, an autonomic response often reflects an interaction
between one or more functional systems, usuaily fear and/or orienting and the phar-
macological effects of alcohol as they are modulated by higher cortical processes.

Further compounding the difficulties of interpreting the effects of alcohol upon
the most commonty employed ANS measures—HR and SC—is the complexity
of the response measures and the different neural circuits that may be involved
in their regulation

Cardiovascular Measures {Heart Rate and Blood Pressure)

Using an EKG, HR is measured in terms of the interbeat interval (IBI), but is
also frequently expressed in terms of pulse rate, the number of beat per minute.
Heart rate is not controlled by a simple mechanism that indicates the state of the
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originating physiological system in a straightforward manner, but rather by a com-
plex interaction between the sympathetic and parasympathetic branches of the
ANS as modulated by hormones of adrenocortical, gonadal, and thyroidal origin
(Larsen et al., 1986). Postganglionic sympathetic fibers increase the HR by re-
leasing noradrenalin in the proximity of the sinoatrial and atrioventricular nodes.
The adrenal medulla increases sympathetic tone and -consequently the HR by
releasing adrenaline and noradrenaline. In contrast, the parasympathetic branch of
the ANS exerts a direct deceleratory influence on IBIs of the heart via the cho-
linergic vagal nerve, as well as, indirectly by an inhibitory vagal influence on
terminal sympathetic neurons. Thus, an increase in HR does not necessarily in-
dicate an increase in sympathetic tone; it could also mean a decrease in parasym-
pathetic input or reflect the interaction of the sympathetic and parasympathetic
branches of the ANS. Heart rate changes do not occur independently of other
organismic events. Influences of respiratory rhythm can be seen in heart rate
records as respiratory sinus arrhythmia. The heart rate reflects inspirations and
expirations as it co-varies with vagal tone. There seems to be a cardiac-somatic
coupling so that increases and decreases in somatic activity are accompanied by
corresponding changes in the HR (QObrist et al., 1974).

Heart rate acceleration has been demonstrated repeatedly when alcohol is given
to nonalcoholics (Dafters and Anderson, 1982; Grassi et al., 1989; Kilpatrick et
al., 1980; Sayette and Wilson, 1991; Sutker et al., 1982; Tong et al., 1974). The
effect is proportional to the given dose (Kilpatrick et al., 1980; Tong et al., 1974).
Moreover, abstaining alcoholics are characterized by faster HRs than normal con-
trols (Chotios and Goldstein, 1967) in response to innocuous stimuli, and their
HRs increase more after a drink relative to normal controls (Kapian et al., 1983;
Lehrer and Taylor, 1974; Schandler et al., 1988). However, alcoholics showed a
reduced range of HR acceleration in response to loud tones when sober (Knott
and Bulmer, 1984) and intoxicated (Lehrer and Taylor, 1974).

Numerous studies have reported an increase in blood pressure, both systolic
and diastolic, as a result of alcohol consumption (Grassi et al., 1989). Sympathetic
innervation of skeletal arteries controls the degree of peripheral vasoconstriction,
although the actual blood pressure is a result of a complex interaction among
noradrenaline, a potent peptide angiotensin IT, HR and contractility, and fluid
volume, etc. (Larsen et al., 1986). Direct recordings of postganglionic sympathetic
nerve activity in a study by Grassi et al. (1989) indicate the acute inebriation
results in elevated blood pressure, which is closely related to increases in sym-
pathetic activity. Increases in plasma catecholamines after a moderate dose of
alcohol also suggest sympathetic involvement resulting in elevated blood pressure
(Ireland et al., 1984). Chronic alcohol use is accompanied by heightened blood
pressure in both genders (Criqui et al., 1981).

Skin Conductance Responses and the Orienting Reflex (SCR-OR}

Tonic skin conductance levels (SCL) and phasic response changes from those
levels (SCRS), are determined primarily by the sympathetic nervous system (SNS)
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in contrast to HR and most other peripheral autonomic responses, which are in-
nervated by both parasympathetic and sympathetic branches of the ANS.
Changes in skin conductance to the passage of a weak constant current are
attributed to activity of the eccrine sweat glands, which are found most often on
the palmar and plantar surfaces. Although supplied by cholinergic fibers, activity
of the eccrine sweat glands is controlled by the SNS branch (Fowles, 1986).
Some investigators have reported smaller SCR-ORs under the influence of al-
cohol (Kilpatrick et al., 1980; McGonnell and Beach, 1968). In contrast, other
studies have reported that alcohol intake increases nonspecific SCR-ORs (Lyvers
and Maltzmran, 1991a; Pishkin et al., 1988; Richter et al., 1977;) as well as the
SCR-ORs evoked by signal stimuli (Lyvers and Maltzman, 1991b). Variations in
results of the above sort may be a consequence of the alcohol dose, the type of
task, and whether voluntary or involuntary SCR-ORs are induced by significant
or nonsignificant stimuli (Lyvers and Maltzman, 1991a; Maltzman, 1979a, 1979b).

Skin conductance changes seem to be the most sensitive and reliable measures

of the OR system (Voronin and Sokolov, 1960} in response to novel innocuous
stimulus changes. The OR is assumed to be a relatively nonspecific organismic
response. Among its antecedent conditions are relative and absolute novelty of
stimulation. Any increase or decrease or any qualitative, quantitative, or temporal
change in stimulation may give rise to a generalized phasic or tonic nonspecific
OR. It is conditionable and may also be elicited by unlearned biologically signif-
icant stimuli (Razran, 1961). It is considered an organismic OR because it includes
generalized ANS, CNS, and neurchumoral changes. It involves activation of the
ascending reticular activating system and, especially in novel biologically signif-
icant situations, the hypothalamic-pituitary-adrenal (H-P-A) axis (Hennessy and
Levine, 1979; Levine & Wiener, 1989), as well as ascending dopaminergic path-
ways (Wise, 1988). It may also involve the release of endogenous opioids having
analgesic effects that are reversible at least in part by naltrexone (Siegfried et al.,
1987). Its assumed functional properties are that it habituates relatively quickly
to innocuous nonsignificant stimuli, but shows varying degrees of resistance to
habituation as a function of the significance of stimuli. Since Paviov, it has been
assumed that the important functional role of the OR is to facilitate perception
and learning.

Sokolov’s (1963a,b) neuronal model, comparator, or match/mismatch theory of
incongruency between past and present stimulation is the most generally accepted
interpretation of the effects of stimulus change. Habituation—decreases in mea-
sures of responsivity~—occurs relatively rapidly with repeated occurrences of the
same innocuous stimulus change. As the neuronal model of the new stimulus
situation is formed, there is increasing congruency between past and present stim-
ulation and its context and therefore a decrease in the conditions giving rise to
the OR. Imparting significance or signal value to stimuli enhances resistance to
habituation (Maltzman, 1979a,b, 1990; Sokolov, 1963a,b).

Another important consideration determining the kind and extent of the OR is
the momentary state of the individual (Maltzman, 1990). Reactions to the un-

Alcohol and the Autonomic Nervous System 253

known, the new, may vary as a function of the physiolo:gicf':ll state, developme:fltzl
stage, and the context, including the presence of a s_1gn1ﬁcant other (Rez:inch,
1989). Many years of research by Gantt and his associates has demonsn:ate 't e
profound impact that presence of one person may have upon the phys.1olog1cal
state of another, thereby modulating the influence of such variables as pain, stl:ess,
alcohol and the like (Gantt et al., 1966/1991). Momentary st:ates of the organism,
both learned and unlearned, that affect the magnitude and resistance to habltuz'itlon
of orienting, will vary with individual differences (Kagan, 1989) and the environ-
mental context. As Lacey (1959) has emphasized, autonomic Tesponses are pf-zrt
of the total behavior of the individual that must be considered within the sc-amal
context of the moment. They are transactions, not simple measures of a unitary
i ion of arousal or anxiety. '
du"rll“zlelzsr,zzoilnay be consistent ingividual differences in_ thc? .organis'mic OR to bio-
logically significant novelty (Reznick, 1989). These individual differences corre-
spond to differences in introversion-extraversion (.Kagan, .1989) and are pertinent
to a variety of theories of personality differences in reaf:tlon to alcohol (.Yones et
al., 1978; Zuckerman, 1991). Theories of personality differences _and thelf phys-
iological correlates have also been related to personality types at risk for different
kinds of alcoholism (Cloninger, 1987). .

The above considerations are particularly important in considerations of S.et (the
biobehavioral disposition at the moment) and setting (the physical anc.l social en-
vironment at the moment). Although interactions between S.et and setting and'th'e
effects of illicit drugs have been recognized for years, studies have characteristi-
cally been descriptive in nature (Weil, 1972; Zinbe'rg, 1984}). Independent n}llea—
sures of physiological states underlying set and setting effect‘s and demai.ld cl af'-
acteristics would do much to clarify and establish a sound blo.psycho:.socml‘ basis
for the interaction of the effects of instructions and social 1nteract1_oPS in t_he
laboratory with the effects of alcohol and other drugs. An e'ffect obtained with
aleohol is a consequence of the physiological state of the individual at tl}e ryo_ment
and its interaction with environmental factors. A different state of the 1nd1v¥dual,
which differs as the result of instructions, social relation.ship to the _expern.nent
and experimenter, familiarity, and lack of fear of the ph_ysmai and social env1r0;1—
ment, may interact with alcohol and influence the obtained e.ffecfts. of alf:ohol. n
turn, the effects of alcohol on the physiological state of the individual influence

ions and behavior in the social environment.

Otlg;\zf;fonly a limited understanding of the effe‘cts of alcohol on the central
dynamics of the OR can be obtained using slow penph_eral autonomic measures,
such as SCR. Measures of central activity as reflected in the EEG anfi its deriv-
ative, event-related potentials (ERPs), complement peripheral autonomic measures
inasmuch as they have better temporospatial resolution, are less affected ‘by ho-
meostatic mechanisms, and can help discern the cortical generators of different
phases and kinds of orienting behavior. A persistent problem ha.s been the deter-
mination of the relationship between these two functionally different measures
and the concomitant influence of alcohol.
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Marinkovic (1993) has measured ERPs and SCRs concurrently in a within-
subject balanced placebo design using moderately low alcohol doses (highest
blood alcohol level (BAL) = 0.045). Measures were obtained during an auditory
odd ball paradigm consisting of frequent tones, rare signal tones, and rare, unique
novel tones. Subjects were instructed to count and press a button in response to
rare signal tones and to disregard the frequent and novel tones. To investigate the
manner in which the changes in activity of one system relate to changes in the
other, the SCR-OR was used as a grouping criterion. The ERPs evoked by each
stimulus type were averaged separately, depending on whether there was a mea-
surable SCR-OR on a particular trial (SCR+ waveform) or not (SCR— wave-
form). Visual inspection of the waveforms in Figure 7-1b reveals a dramatic dif-
ference in the late positivity between SCR+ and SCR— waveforms evoked by
novel tones in the placebo conditions. Whereas a large P3a peaking at about 280
msec was evoked on trials accompanied by a measurable SCR-OR, there was no
such deflection on trials without an OR. In contrast, only a P3b with a latency of
300 msec was evoked on trials with no phasic SCR-ORs. Although a slightly
biomodal late positive complex can be observed in the grand average waveform
(Figure 7.1a), with bifurcated peaks corresponding in latency to the P3a and P3b
as defined above, the measure of autonomic arousal clearly reveals the apparent
connection between the P3a deflection and the phasic SCR-OR that appears 1
second later. Mild alcohol intoxication selectively abolished the P3a component
evoked by novel tones. No reliable P3a was evoked by rare signal tones in any
of the conditions, and the ERPs were not differentially affected by alcohol on
SCR+ and SCR— trials. This evidence suggests that task-relevant signal tones
and equally probable novel tones may be processed in a different manner by
different sets of generating structures that are differentially affected by low alcohol
doses. Intracerebral recordings in humans obtained during comparable tasks in-
dicate that large P3a potentials can be observed in all frontal areas, with prominent
inversions in orbitofrontal and anterior cingulate cortices indicating local gener-
ation (Baudena et al., in press). ’

Habituation

Habituation of an autonomic response—a decrement in some measure of respon-
sivity, such as amplitude, with repeated presentations of the evoking stimulus—
is a function of nonspecific and specific effects. Specific effects are dependent
upon occurrence of a particular evoking stimulus and are ordinarily confounded
with nonspecific effects of stress produced by novelty, unfamiliarity with the ex-
perimental situation itself, and lack of initial predictability of the experimental
regime (Hennessy and Levine, 1979). The confounding of specific and nonspecific
effects occurs within a given session, especially during the first experimental ses-
sion and between repeated sessions (Lindsley, 1951; Lyvers et al., 1988; Maltzman
et al., 1971b). Decreases in novelty-induced stress with repeated exposure to an
innocuous predictable experimental regime result in decreases in autonomic re-
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Fig. 7-1 A. ERP grand average for all subjects across all sessions. Waveforms obtaine.d during
the first 700 msec after stimulus onset on frequent, target, and novel trials are superimposed.
Tone duration is 50 msec. Negative is up. B. Grand average SCR+ and SCR- waveforms to
novel tones in “‘given placebo’ condition. A large P3a deflection (280 msec latency) is accom-
panied by a SCR-OR one second later. In contrast, on trials with no measureable SCR-ORs,
novel tones evoked P3b oply. C. Grand average SCR+ and SCR- waveforms to novel tones
in ““Given Alcohol’’ condition. Moderately low alcohol intoxication selectively abolished the
P3a deflection evoked by novel tones when only placebo was ingested. In contrast to a large
difference in the Placebo condition, no difference in ERPs between the trial_s with and without
SCR-ORs was detected in the Alcohol condition. :

sponsivity. Repeated presentations of an innocuous nonsignificant stimulus pro-
duces stimulus-specific habituation quite aside from the nonspecific effects. Pos-
sible individual differences in habituation to novelty-induced stress arousal‘or
familiarity with the experimental situation may further complicate the confou.ndmg
effects of specific and nonspecific contributions to habituation of .autonomm ac-
tivity and moderate the effects of alcohol reflected by nonspecific autonomic
Tesponses. ‘ o

The value of familiarizing subjects with experimental procedures is 1nd1ca‘ted
in an experiment by Marinkovic (1993). She used 1-minute intervals of resting
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electrodermal activity as a measure of a general arousal state (Burch and Greiner,
1960; Silverman et al., 1959). Measures wete taken during four within-subject
sessions of a balanced placebo design. In addition, the same measures were ob-
tained during the introductory visit to the laboratory. Repeated measures of
ANOVA revealed no effect of the beverage or instructions on the SCRs. However,
a significant effect of the session order for the number of nonspecific skin con-
ductance responses (NS.SCRs), as well as for the average amplitude of the
NS.SCRs generated within 1-minute intervals, was observed. As apparent in Fig-
ure 7-2, these measures declined significantly after the nonexperimental introduc-
tory session and remained rather constant throughout subsequent experimental
sessions. Thus, the OR to novelty habituated after the first visit to the iaboratory,
resuiting in stable arousal levels during the experiment and controlling for poten-
tial interactions of situation-induced arousal and alcohol.

Studies of Alcoholics

We now review some experimental studies of alcoholics that are related to theories
of alcoholism and its treatment. Some of the clinical consequences of chronic
alcoholism are then presented.

Priming, Craving, and Loss of Control

According to traditional theory (Jellinek, 1952, 1960; Keller, 1972), alcoholics
are differentiated from problem drinkers by the syndrome of withdrawal symp-
toms, tolerance, craving, and loss of control. This syndrome is characterized by
the inability to consistently refrain from drinking when the opportunity is present
and to consistently stop drinking before a state of inebriation is reached. If loss
of control is the critical behavioral marker of alcoholism, the implication for a
treatment goal is obvious: abstinence.

Research-oriented opponents of the Joss of control conception have examined
the hypothesis in analogue laboratory studies. The best known of such studies is
the experiment by Marlatt et al, (1973). It popularized use of the balanced placebo
design for investigating the effects of alcohol in the laboratory and was instru-
mental in promoting an expectancy interpretation of the behavior of alcoholics,
as well as the apparent effects of alcohol in social drinkers. Although Marlatt et
al. (1973) did not use measures of autonomic activity, their experiment stimulated
other studies that have employed such measures. :

In that study, a double-balanced placebo factorial design was employed where
half the subjects received an alcoholic beverage and half received a nonalcoholic
tonic. Half the subjects in each of these two conditions were instructed that they
received alcohol, whereas half were instructed that they received tonic. Two dif-
ferent groups of subjects each received these four treatments: given alcohol/told
alcohol, given alcohol/told tonic, given tonic/told tonic, and given tonic/told al-
cohol. One group consisted of social drinkers, and the second group were non-
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abstinent ‘‘alcoholics,” as defined by such criteria as having received treatment
for alcoholism, membership in Alcoholics Anonymous, repeated arrests for drunk
and disorderly conduct, etc. A priming dose was administered to the subjects
before a beverage taste-rating task. Subjects receiving alcohol in the taste-rating
task received a priming dose of vodka and tonic, whereas subjects receiving the
nonalcoholic beverage in the taste rating task received tonic as a primer. Priming
doses were administered approximately 20 minutes before the taste-rating task.
Results indicated that “‘alcoholics’” and social drinkers drank more during the
test if they were told that they were drinking alcohol whether or not they received
alcohol. The interpretation offered was that the expectancy for alcohol or tonic
determined the amount consumed and not the actual beverage administered. Cor-
responding effects were obtained in ““alcoholics’’ and social drinkers. Further-
more, there was no evidence of loss of control or significantly more drinking by
“‘alcoholics™” who received alcohol than those who received the tonic placebo.
““Alcoholics”” drank more than social drinkers under both treatment conditions.

There are several serious shortcomings in this study that generally have been
overlooked. One difficulty is that there was no independent measure of the severity
of dependence. Loss of control is a behavioral characteristic of alcoholics who
have had repeated and severe withdrawal experiences and not of problem drinkers,
who have not displayed such symptoms of physical dependence. If subjects are
not severely dependent upon aicohol, they would not experience craving and loss
of control and therefore would not drink more with a priming dose than without
one. In addition, the investigators conflate instructions, an experimental variable,
with expectancy, a theoretical conception. An alternative interpretation of the ef-
fects of instructions is available and supported by experimental studies: the in-
structions employed induced demand characteristics (Knight et al., 1986; Koryt-
nyk and Perkins, 1983). Additional shortcomings in the study have been discussed
elsewhere (Maltzman, 1987, 1991, 1994),

According to the demand characteristics interpretation (Otne, 1962) the differ-
ence in status between the experimenter and subject induces a tendency in the
subject to please the experimenter. The subject tries to produce the results de-
sired by the experimenter. Hence, the effects of instructions are peculiar to the
social psychology of the laboratory situation and have no generality beyond the
laboratory. Korytnyk and Perkins (1983) have provided evidence in support of
a demand characteristic interpretation of the effects of instructions in a balanced
placebo experiment that is contrary to expectancy theory, evidence that generally
has been ignored. In their study, in the absence of the experimenter—therefore
in the absence of the demand induced by the usual experimental situation—
more graffitti was produced by participants administered alcohol than tonic re-
gardless of the instructions concerning drink content. Additional shortcomings
in the balanced placebo design, its use, and its interpretation have been discussed
in some detail elsewhere (Bradlyn and Young, 1983; Lyvers and Maltzman,

1991b; Martin and Sayette, 1993; Martin et al., 1990; Ross and Pihl, 1989;
Sayette et al., 1994),
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Rankin et al. (1979) designed a study to. provide a valid and reliabl(;: b:o:ne(;
havioral measure of craving. Outpatients filagnoseq as s?verely depenttt?n and
drinking heavily were visited by the expen_menters in their h?mes, aose c;;;gerent
related set quite different than that found in the usual experiment. 31}1 1S rer
days participants were asked to remain abstinent for one h_alfthour or 3 hours. e
speed of drinking two glasses of vodka and tonic was mgmﬁcgntly fast'eF in the
higher-craving, 3-hours abstinent condition than the low—f:r:elv1ng oongmon. ;15
creased speed of alcohol consumption i1.1 the group abstaining ff)r 3 ot;rze\:ire
accompanied by several correlated behaviors, sych as a self-rated 1n'cr1eas.e Jestre
to drink, difficulty in resisting a drink ax;d aéuilety, as well as physiologica
i ased body temperature, hand tremor. o
Surlisgiii;elrns::dy, severi{y of gependence and the e'ffccts ofa priming dos‘e we(r);
studied using the speed of drinking measure of craving along with se}f-xiau;g;g)
the desire to drink, pulse rate, and blood alcohol level (Hodgson etba 5 o thé
Subjects were classified as severely or mo'derately dependent on th;el als){s; of the
frequency and severity of their reported withdrawal syr-npfoms. Eac 1su j . n?in
ticipated in each of the three different treatm.en'ts: no priming dose, ad kowi ptom:c )g
dose (15 mL vodka in tonic), and a high prlmllng dose (150 mL vodka ntld ants.
Priming doses were administered in the morning. Tl‘lree hours later pa1i1 ]';:Jone
received the behavioral test of craving, the time required to consume at leas ne
vodka and tonic. Severely dependent alcoholics showed an appetizer effe;:lt on e
behavioral test. The larger the priming dose in the morning, the greater t g sptel
of consumption of the vodka and tonic 3 hours later. Fn .contrast, t}'?hm;) eri thz
dependent alcoholics or problem drinkers showed a satiation effe.ct. fctharg:oc‘ka
priming dose in the morning, the slower the rate of consumption of the
i later.
anfll‘ttlzn;l(;oi: 22:31& are important for several re‘:asons: the3{ sugfest thalt_ thi M?:;
latt et al. (1973) double-balanced placebo des;gn employing alc;gho tlcseer;he
were not independently assessed for their severity of dependence dl' no ;nloss e
boundary conditions necessary for an adequate_ test of. the concept_lonfo e
control. Since loss of control is behavior that d.lfferefatlates alcoholics from pthat
lem drinkers, it is essential to classify the subjects mde}?endently t(; e:nsuizsted
physically dependent alcobolics rather thax} pro!olem drinkers -areal ellrllglics an(i
These results indicate that there is a qualitative difference bet-ween co tzlr o an
problem drinkers in accord with Jellinek’s (1960) ’f"ormulatlon. Soc1a11 1;1 thé
problem drinkers, and alcoholics are not on a continuum defined solely :{933-
amount of alcohol consumed, as argued by some (Heather and Robertson, ;
1979). _
Mz,l:?:trt;ving gnd loss of control analogue experirflen‘t by Stockvx{elk e(; tali (nlo9t?023
provides further evidence that contradicts the continuity hypqthesxs an " e oo
that the behavior of alcoholics is determined by expectancies. A within-subj

" balanced placebo design was employed for priming doses where each subject

participated in all four treatments. The behavioral test for cr‘aving'—-the spe_ed. of
consumption of a vodka and tonic—was given 1 hour after ingesting the priming
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dose, which was 60 mL of vodka mixed in a soft drink. The pulse rate was
elevated 60 minutes later in those given alcohol compared to those given soft
drinks, regardless of the instructions received. Self-reports of desire to drink were
not influenced by alcohol content in either group.

The time taken to consume the first drink was significantly shorter with an
alcohol priming dose regardless of instructions in the severely dependent alco-
holics, whereas instructions but not the type of beverage produced a significant
decrease in consumption time among problem drinkers. These results suggest that
demand characteristics may influence the social and problem drinker in the typical
experimental situation with the usual status difference between experimenter and
subject. However, demand characteristics are not powerful enough to override the
disposition to drink in severely dependent alcoholics under the conditions estab-
lished in this experiment.

An apparently different outcome is reported for a double-balanced placebo
within-subject design by Berg et al. (1981). Male patients in an alcoholism treat-
ment center, the severity of their dependence unspecified, and social drinkers
participated in this study. Social drinkers constituting the control group were ap-
parently associates and friends of the investigators. Subject triads from each group
participated in a social situation, the hospital lounge, where they watched a soccer
game on television.

An overall larger increase in systolic blood pressure (SBP) among patients than
social drinkers was the only significant physiological effect obtained. Results for
the principal dependent behavioral measure, the amount of alcohol consumed,
showed that instructions had an effect upon patients but not upon social drinkers,
whereas the type of beverage tehded to have an effect upon the social drinkers
and not the patients.

No adequate explanation for the different results obtained in the two groups
and for the difference in results obtained in this and the Marlatt et al. (1973) study
has been offered. We suggest that the comparable results obtained with ““alco-
holics’” in the two experiments reflect the comparable influence of demand char-
acteristics. Demand characteristics would also be present in the Marlatt et al.
(1973) experiment for the social drinkers in a laboratory setting who were not
associates of the experimenters. Demand characteristics of an experiment and the
status differences between experimenter and subject were absent only for the
control group in the Berg et al. (1981) study. Therefore, an exeriment is needed
in which demand characteristics are varied systematically for patients explicitly
classified in keeping with DSM-IV criteria, manifesting alcohol dependence and
abuse, and a control group of social drinkers.

Laberg (1986) met some of the above conditions in a study in which severely
dependent, moderately dependent, and social drinker control subjects, all males,
were studied in a balanced placebo within-subject design. Unfortunately, Laberg
used the time to the first sip and time engaged in drinking instead of the measure
used by Stockwell et al. (1982)—the time required to consume the first glass of
vodka and tonic. No priming effect was obtained either as a function of the
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beverage or instructions. However, there was a significant increase in HR, as well
as in the number of spontaneous SCRs in the alcohol as compared to the placebo
conditions in all groups. Basal SCL was significantly higher in the severely de-
pendent patients than in the remaining two groups in all treatment conditions.

It is claimed that analogue studies of loss of control using the balanced placebo
design refute the disease concept of alcoholism and its critical behavioral marker
of loss of control (Heather and Robertson, 1983; Marlatt, 1983). On the contrary,
our review indicates that these experiments suffer from major methodological
shortcomings. When severity of dependence, priming dose, and length of absti-
nence are considered, evidence supporting the conception of loss of control is
obtained, and the continuity hypothesis—there is no difference between alcoholics
and problem drinkers other than the amount of alcohol consumed-—is contradicted
(Hodgson et al., 1979; Stockwell et al., 1982).

There is also growing recognition that the requirements of the balanced placebo
design cannot be fulfilled, particularly the inability to establish an ‘‘antiplacebo’
treatment, which requires deceiving subjects into believing that they are drinking
tonic when they are given a moderate amount of alcohol (Glautier et al., 1992;
Lapp, et al., 1994; Lyvers and Maltzman, 1991b; Martin and Sayette, 1993; Martin
et al., 1990; Ross and Pihl, 1989; Sayette et al., 1994).

Craving, Cue Reactivity, and Response Prevention

Mello (1972) noted some years ago that the term ‘“craving’” was ambiguous and
of questionable scientific value. Since then, attempts to obtain objective measures
of the increased disposition to drink—craving—have taken three directions. One
uses instrumental behavior; a second employs physiological, usually ANS, mea-
sures; and the third relies on various forms of verbal report. One variation of the
instrumental approach is to obtain a sample of the behavior in question—alcohol
seeking—as a function of antecedent conditions of hours of abstinence from al-
cohol, priming, and severity of dependence. As previously described, speed of
drinking has been utilized in this manner (Hodgson et al., 1979; Rankin et al,
1979). Although craving can be defined operationally in terms of the antecedent
conditions of deprivation and independently assessed severity, with a dependent
measure of speed of drinking, evidence on lawful relationships of speed of drink-
ing to physiological measures and self-reports is limited. Another potentially
promising instrumental behavior measure that has been occasionally utilized is
choice behavior, allowing the subject to choose to work for alcohol or some other
incentive (Funderburk and Allen, 1977; Kaplan et al., 1983; Ludwig et al., 1974).

A second approach to the analysis of craving based upon classical conditioning
(Ludwig and Wikler, 1974; Wikler, 1980) asserts that craving may be deﬁfled
explicitly as the cognitive-symbolic correlate of classically conditioned subclinical

" withdrawal symptoms. Objective measures of craving are therefore verbal reports

of craving or the desire to drink, as well as the elicitation of physiological re-
sponses that are presumably components of the withdrawal syndrome that become
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conditioned because withdrawal may be followed by the reinforcement—the in-
gestion of alcohol. Another conditioning hypothesis is that appetitive physiolog-
ical changes are conditioned (Wise, 1988). Positive rather than negative reinforce-
ment is the basis for craving and reactivity to cues associated with alcohol
ingestion. More recent research demonstrates the important role of neurotraps-
mitters in determining verbal reports of craving and the behavioral foss of control
over alcohol ingestion. O’Malley et al. (1992) and Volpicelli et al. (1992) have
reported encouraging preliminary treatment outcomes with naltrexone, an opioid
antagonistic, in preventing relapse and reducing reported craving. Modell et al.
(1993) demonstrated that haloperidol, a dopamine antagonist, increased alcohol-
ics” behavioral control over alcohol ingestion and decreased their reported craving
for alcohol after a priming dose of alcohol. Some evidence that a serotonin reup-
take blocker may reduce alcohol consumption and ratings of craving in alcoholics
has also been reported (Gorelick and Paredes, 1992).

Neurobiological research suggests that craving and excessive alcohol consump-
tion may be reactions to subnormal levels of one or more neurotransmitters: the
neuropeptides, serotonin, dopamine, and GABA (Blum and Payne, 1991; McBride
et al., 1990; Volpicelli, 1987).

Although an operational definition of craving is possible in terms of physio-
logical responses—that is, their differential elicitation in the presence of cues
associated with alcohol—or in terms of self-rating procedures, the problem of
craving is not definitional, a statement of the rule governing usage of a term.
Rather, it is that the objective measures proposed as its indices do not co-vary
with great consistency, are not lawfully related and, are not integrated into a larger
set of biobehavioral principles.-Furthermore, few studies employ multiple indices
from the three different response domains, incuding CNS and ANS measures. As
a consequence their lawful interrelationships have not been assessed adequately.

Each of the measures utilized has difficulties. Autonomic measures commonly
employed as dependent variables in the operationalization of craving are nonspe-
cific, may be evoked as components of a variety of functional systems, and are
not necessarily involved in withdrawal or unique to the positive reinforcement
sternming from the ingestion of alcohol. The veracity of verbal reports depends
upon the cooperativeness of participants, their ability to differentiate internal
states, normal neuropsychological functioning of the participants, and the absence
of demand characteristics. Few of these criteria are met in the typical experiment
on craving and related phenomena. As a consequence, principles of craving have
not developed appreciably beyond the state characterized some years ago by Mello
(1972).

Interest in cue exposure and response prevention research stems largely from
their apparent applicability to treatment. It is assumed that the extinction of clas-
sically conditioned components of withdrawal or positive reinforcement by their
repeated elicitation and nonreward will result in a decrease in craving and there-
fore a decreased tendency to relapse when the subject is confronted with cues for
alcohol. Response prevention is a natural extension of cue exposure. The latter
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may be combined with a priming dose of alcohol to increase craving, the internal
cues for alcohol consumption, in the extended presence of the sight and smell of
the subject’s favorite alcoholic beverage. Such extended exposure to cues with
the prevention of the target responses is a useful treatment for obsessive-compul-
sive disorders (OCD; Jenike et al., 1990).

In perhaps the first study of alcoholics’ craving and cue reactivity, Ludwig et
al. (1974) attempted to vary cue reactivity by administering different doses of
alcohol or a placebo to veterans in an alcoholism treatment unit either in the
presence of a bottle (cue) of their favorite alcoholic beverage or not. There were
significant increases in reported craving in the cue group under low-dose condi-
tions. After a priming dose, there was a significantly higher frequency of conver-
sions to alcohol acquisition behavior in the cue than the noncue group and a
significant increase in HR, respiratory rate (RR), EEG alpha activity, and latency
of the peak contingent negative variation (CNV). Priming dose did not -affect
spontaneous or evoked skin potential responses (SPRs). Given the large number
of uncorrected statistical tests generated in the study, the above results must be
accepted with caution.

Ludwig and Stark (1974) found that alcoholics most frequently report that they
crave alcohol when in a dysphoric state, possibly as a consequence of its similarity
to the withdrawal state. They rarely reported craving while in a busy or happy
state. Ludwig et al. (1977) attempted to vary emotional states by varying success
and failure experiences induced in a laboratory outfitted to resemble a bar room
versus laboratory situation. Binge and steady drinkers were the participants since
it was hypothesized that steady drinkers were more likely to develop conditioned
withdrawal symptoms than binge drinkers.

There were no significant differences in any of the physiological measures as
a function of set, success or failure, or setting. However, steady drinkers worked
more for alcohol, reported greater craving, higher HR diastolic blood pressure,
SC, and RR, but lowered systolic blood pressure. The type of drinker also tended
to interact with situation. Greater differences between types occurred in the sim-
ulated bar than the laboratory.

The absence of significant main effects as a consequence of set, failure versus
success, and situation, bar room versus laboratory, may be a consequence of the
failure to adequately establish these set and setting conditions. Failure in the
problem task, which was the interpretations of proverbs, does not seem to be an
overpowering failure experience to alcoholic patients nor do correct interpretations
strike them as a joyous occasion. Although a laboratory is outfitted with trappings
of a bar—with neon signs, bottles, and the like—it is still known to be a labo-
ratory where an experiment is being conducted.

Litt et al. (1990) attempted to vary set by hypnosis, but failed to find different

physiological effects in a cue reactivity test. Corty et al. (1988), in the second of

their two experiments, induced seemingly appropriate sets by means of videotap-
ings of TV commercials. Because only three carefully selected subjects were em-
ployed in this demonstration of differentially greater salivation to an alcoholic
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beverage than a soft drink, the study needs to be replicated on a larger scale.
Turkkan et al. (1989) obtained reliable increases in HR, SC, and skin temperature
(ST) in a cue reactivity test in a simulated bar. However, they did not use a control
setting, and their procedures differed in details from other experiments so that the
positive results cannot be attributed specifically to the setting because it is con-
founded with other procedural changes. Further research on the problem of set
and setting is needed, but not necessarily in the direction of better simulated bars.

Rubonis et al. (1994) attempted to induce different moods that might affect cue
reactivity. A drinking triggers interview was first employed where subjects were
asked for retrospective descriptions of the four drinking situations that were as-
sociated with the strongest urge to drink. The situation with the highest rating was
used to induce a mood. Subjects, both women and men, all had a diagnosis of
alcohol abuse or dependence. Unfortunately, a single order of presentation was
used: water cues, alcohol cues, mood induction, followed by alcohol cues. Salivary
responding was measured along with ratings of craving. No significant mood
effect was found for salivation. Using only negative moods and only those who
were ‘‘urge reactors,”” the investigators claim that there was a significant génder
effect as reflected by a gender X trials effect for self-ratings. Contrary to the
investigators® claim, their crossover interaction only indicates that the difference
between the gender differences is different on the two trials. No evidence is pro-
vided showing that women reported significantly greater craving than men after
a negative mood induction.

Kaplan- et al. (1983) recorded HR, SCL, and ST in abstinent male alcoholics
and social drinkers in a cue reactivity test comparing responsivity to beer and
nonalcohol beer after holding, smelling, thinking about, and then drinking the
beverage. Significant differential responsivity was obtained only with ST.

A shortcoming in this study was the failure to equate the alcohol and nonalcohol
beer for taste. The problem of equating stimuli is exacerbated when an alcohol
beverage and cedar chips, with no control over sniffing, are used in a cue reactivity
test as in the study by Pomerleau et al. (1983). They recorded electromyographic
(EMG) activity induced by swallowing as an estimate of salivation along with
HR and SCR. Males in treatment for alcoholism and a social drinker control group
sniffed cedar chips and then alcohol. Patients manifested greater swallowing and
self-reports of craving then the control group in response to alcohol than cedar.
There was no differential responsivity in HR and SCR.

Among other problems, this study suffers from the same shortcoming as that
of Monti et al. (1987) and the other studies by this group of investigators. It
capitalizes on an order effect by presenting the test trial for the control stimulus
first, followed by the test trial for alcohol. Greater novelty-induced stress on the
first trial will tend to inhibit salivation. Some habituation of the response to nov-
elty by the second trial will permit an increase in salivation. It is essential that
repeated test trials are presented in counterbalanced orders in order to habituate
nonspecific effects that may interact with the dependent variable and with alcohol.
It must aiso be noted that, even with an order effect in the alcohol trial following
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the control trial, Monti et al. (1987) did not obtain a significant main effect for
drink or a group X drink interaction where patients as compared to controls
galivated differentially to alcohol. . o

Cooney et al. (1987) report positive evidence of craving by recording salivation
from men in alcoholism treatment. Subjects sniffed cedar chips ar‘ld alcohol on a
single trial. Significant partial correlations among several self:ratmgs, such_as a
desire to drink and saliva, corrected for salivation to cedar chips, were obtained.
However, given the small number of subjects employed anfi the ab.sence qf a
control group of nonproblem drinkers these results must be v1ev.ved W}th caution.
In addition, the stimuli were not equated for pleasantness and 1ntens1t)f of odor,
nor was sniffing controlled, a variable that may .affect both the intensity of the
olfactory experience and the amount of saliva secreted (Feather ar‘1d Wells, 1966).

Further inconsistency of findings with swallowing and salivation as measures
in cue reactivity studies is indicated by the results obtained by Kaplan et.al.
(1985). This study with a larger number of subjects of both gend.ers contradicts
the results of Pomerleau et al. (1983) in at least two important findings: there was
no evidence that swallowing differentiated inpatients from controls, and there was
no increase in reported craving after exposure to alcohol as compared to cedar
chips.

In addition to methodological flaws, many studies reviewed above also suffer
from the failure to obtain reliable measures of severity of dependence f!.'om the
patients. The participants usually are a heterogeneous group differ.ing considerably
in the severity of their dependence and as a consequence are ‘hkely to respond
markedly differently to alcohol cues, i.¢., the less dependent patients would be no
different from control subjects. Heterogeneity is suggested by the Kaplan et al.
(1985) finding that only patients above the median in drinking h.istory sl'lowcd a
significant partial correlation between SCL and self-reported desire to drink.

More recent studies have improved their methodology in some_areas, fqr ex-
ample by controlling sniffing and by using broad and explicit exclusionary criteria,
including medications that inhibit salivation (e.g., Monti et al., 1?93a,b). Howev?r,
most studies still fail to use severity of dependence as a grouping factor, despite
its demonstrated importance as a determiner of verbal and jnstrumental measures
of craving (Hodgson et al., 1979; Rankin et al., 1979).

There have been some recent exceptions, and a few studies have explored the
effects of drinking bistory and severity of dependence on craving and cue reac-
tivity. For example, Greeley et al. (1993) examined the effects of the amount o'f
alcohol consumption on cue reactivity in social drinkers who had not bet_:n di-
agnosed as physically dependent upon alcohol. A group of heavy malle drinkers
consuming more than 28 standard drinks per week were contrasted with a group
of males drinking less than 28 drinks per week. Subjects were exposed to their
favorite alcoholic beverage and a ‘“‘pungent’” lemon drink in counterbalanced

" order and were permitted to taste as well as see and smell the drinks. Heart rate,

SCL, and self-ratings of craving for alcohol were continuously obtained. Blood
pressure and ratings of stress and arousal were obtained before and after presen-
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tation of each cue. Relatively weak effects were obtained with the physiological
measures. There were significant interactions between groups and order of pre-

sentation in HR and a tendency for heavy drinkers to show a lower SCL than-

light drinkers. Self-ratings of craving by the heavy drinkers appeared consistently
higher than the reports of the lighter drinkers, showing an increasing trend in
craving for alcohol, regardless of its order of presentation.

Glautier and Drummond (1994) have published a multivariate examination of
the relationship between severity of alcohol dependence and cue reactivity. Sub-
jects were men who were severely dependent on alcohol who were participants
in a controlled trial of cue exposure and response prevention treatment (Drum-
mond and Glautier, 1994). Alcohol dependence was measured in terms of five
subscales of the Severity of Alcohol Dependence questionnaire (Stockwell et al.,
1979). Different subscales describe symptoms of physical withdrawal, affective
withdrawal, craving, relief drinking, and relapse after a period of abstinence. Phys-
iological measures employed included SCL, cardiac interbeat interval (IBI), finger
pulse volume (FPV), and forearm EMG. Self-ratings of how tense (TENSE) they
were and how much they wanted (WANT) a drink were also obtained from the
subjects. Preferred alcoholic beverage and nonalcoholic beverage wete the cues
presented to each subject. Difference scores were obtained by subtracting the
magnitude of the response to the neutral cue from those to the alcohol cue for
each of the physiological measures and self-ratings. The largest differences were
obtained with SCL and the TENSE and WANT ratings. Difference scores were
factor analyzed and a single principal component of responsivity (RESP) ex-
tracted. Affective withdrawal was the subscale of the SADQ that showed the
highest correlations with the multivariate measures of responsivity.

Among the variety of possible shortcomings in eatly studies of cue reactivity
and craving, some of the most obvious have been the failure to equate target and
control stimuli for such characteristics as pleasantness of taste and smell, intensity,
palatability and consumability, and the somatic activity involved in sniffing.
Staiger and White (1991) demonstrated that subjects having a diagnosis of alcohol
dependence showed greater responsivity in absolute HR to the sight and smell of
their favorite drink as compared to a different brand of the same beverage or a
different kind of beverage. Only the magnitude of response to the sight and smell
of their favorite brand of alcoholic beverage as compared to a peutral stimulus
was significant. These results indicate that subjects should be matched with their
favorite drink in order to optimize responsivity. Sight plus smell of their favorite
drink produced a larger absolute HR change than sight of the drink alone. Since
frequency and extent of sniffing induced by the two beverages were not controlled,
the amount of somatic activity induced by the two drinks might differ. A greater
amount of somatic activity elicited by alcohol could therefore be the basis for the
response of a greater HR to alcohol than lemonade according to the cardiac-
somatic coupling hypothesis (Obrist et al., 1974).

Staiger and White (1991) also report a result that may be related to cardiac-
somatic coupling and requires further investigation. Sixteen subjects participated
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in the specificity phase of their experimen‘t. Si{( showed an increa_se t1n }I;Ei,;g
response to the sight and smell of their favorite drink, whereas ten subjec SI: iy
a decrease in HR. Absolute change was taken as the response measure. J flrrt -
tional change had been averaged, no effect would. ha}v.e been appa're:n‘t..d nlod;_
nately, no information is given concerning the r'ehablhty of thes? 1nd1\i1 C;J.a.d 1
ferences across phases of the study. So they might not be Cfm51st‘ex‘1t 1{1 ivi uad
differences. Rather, they might be a function of whether s.omatlc act1v1t.y fncreas;at
or decreased during the exposure of the beverage_. Staiger and White’s resud‘s
pevertheless call into question the notion of a .p.artlcular HR change as 2 COI:' i-
tioned component of withdrawal or as an a;)l?e-t1t1ve response to alo?hlfl)ll mge; (;g;
and suggest the influence of the law of initial value (see below; LIV) a
jac- ic coupling.
caﬁlﬁe?;:aitn a snll)dy ising HR and finger ST, Payne et al. (1992) report tha'at
all HR cue reaction baseline changes were positive,'whereas no effect's war::g Zw-
dent for ST. They used a between-subject design with male veterans ina g -x ag
inpatient treatment program. Four different groups were f-:mployed in ad 2
design, receiving either lemonade or their favont_e a‘lcohohc beverage anb ner; ise
ining either high- or low-risk situations for drinking lapses. A'fter a Zsthen
petiod, subjects were exposed to one of the two be.verages .for 2 minutes an . ;
while still in the presence of the beverage, imagined a' situation that wou I;lr
them at high or low risk for a drinking lapse. Recording of HR ?nd lf_inlger -
continued during a 2-minute recovery phase after removal o.f the stimu 1.d n eat
of the phases of the experiment, self-ratings were als? obtained for the. esire to
drink, mood, and anticipated taste. Regression ana‘lys1s was used to adjust me?)n
scores for initial baseline values. A significant main effecft -for beverafge was oai-
tained with HR but not ST. Significantly greater responsivity was evxdex}t‘to al-
cohol than lemonade. Analysis of covariance was used to stu.dy respon.swligz 11111;
duced by imagery, with rated clarity of imagery. as. a covariate. No s1grt1) f:a )
effects or interactions were obtained. However, significant effect.s were .0 ta{ned
during the recovery phase after removal of ti?e cues a‘nd cessatlon_ of 112'511g1r(1;:( !
drinking situations. Subjects imagining high-risk s%tuatlons for la}p51‘11g while x
posed to lemonade were significantly more resp'onsn‘re than l.ow-nsk 1ma:£g1ng sure
jects exposed to lemonade. Alcohol low-risk }mag_xng.sub]-ects were 50 r;l;)ed
responsive than lemonade low-risk subjects. High-risk 1mag1{1g subjects eXp e
to alcohol were not significantly different from tl?e other S}lb]ects, _suggestmg
influence of a ceiling effect and LIV and/or cardlac—son'{atxc coupl_mg. ol
Newlin et al. (1989) also examined the eff.ects of different kinds (_)f lflonar )
stimuli employed with the preferred alcohol st1:1E1ulus. They used a desiral ]: hni X
consumable nonalcoholic beverage as a liquid stimulus and a swe‘et roll, whic]
also desirable and consumable, as well as water. Unfortunately, m’ order to con-
form to Monti et al. (1987), they also used a constant order of stimulus presen-

" tation: water, preferred nonalcoholic beverage, preferred alcoholic beverage, sweet

roll. Physiological measures were HR, pulse transit t.ime (PTD), SC, ﬁngzr 21(:
cheek temperature, and salivation. Self-reports of craving were also obtained afte
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presentation of each stimulus. There were two groups of subjects: male inpatients
in an alcoholism treatment program who met criteria for alcohol dependence and
male social drinkers. Results indicated that the alcoholics salivated significantly
more to water and to alcohol than the social drinkers. Unfortunately, the groups
X stimulus interaction was not examined. Neither was evidence presented indi-
cating whether the alcoholics showed differentially greater reactivity to alcohol
than the nonalcoholics. Cheek temperature was the only other physiclogical mea-
sure that yielded a significant effect, with the social drinkers showing greater
reactivity to water and to alcohol than the alcoholics. Among alcoholics, salivation
was positively correlated with the craving to drink alcohol after exposure to al-
cohol and to the sweet roll, whereas these correlations were negative among social
drinkers. There was no significant difference in the severity of craving reported
by alcoholics and social drinkers.

Monti et al. (1993a) investigated the relationship between cue reactivity as
measured by salivation and self-ratings of craving as a function of the stage of
detoxification. Groups of subjects in a detoxification facility experiencing unmed-
icated withdrawal were studied 2, 4, and 6 days and 4 weeks after their BAL
returned to 0. A comparison group of subjects receiving librium during detoxifi-
cation because of more severe withdrawal symptoms was also studied. Cue reac-
tivity was assessed in the usnal manner by this group of investigators; they elicited
salivary responses and self-ratings of craving and other variables to water and to
the subject’s favorite drink, in that order. Salivation to alcohol partially correlated
with the severity of dependence while controlling for salivation to water. It is also
interesting that self-ratings of anxiety and craving to drink had a correlation of
0.61. There were no significant group X beverage interactions, indicating that
reactivity to alcohol did not vary with time since detoxification. The overall reac-
tivity to water and to alcohol for alcoholics after I week of detoxification was
greater than for alcoholics assessed 4 weeks after detoxification. Alcoholics in the
librium group did not differ from the other groups.

Torkkan et al. (1988) introduced several worthwhile innovations in their study
of cue reactivity, including 12 repeated experimental sessions and screening for
illicit drug use. Male participants were recruited through newspaper advertise-
ments. Half had self-reported histories of alcohol abuse (*‘alcoholics™), and half
were social drinker controls. Heart rate, ST, and BAC showed significant dose
main effects, whereas systolic and diastolic blood pressure and salivation did not.
Results obtained for salivation were not in keeping with previous studies (Kaplan
et al., 1985; Pomerleau et al., 1983). Alcoholics showed the greatest increase in
salivation after ingestion of the placebo. Ethanol seemed to decrease salivation
below baseline levels in alcoholics and in social drinkers.

McCaul et al. (1989a) investigated the role of stimulus intensity by presenting
alcohol, pepper juice rated equally intense as alcohol, and water with variable
intertrial intervals. Both groups, men with reported histories of alcohol abuse and
moderate social drinkers, rated alcohol and pepper similar in intensity and more
intense than water. HR decreased significantly over sessions for both groups.
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There was no evidence of differential tolerance to alcohol as indicated by a ses-
sions X drink interaction or greater tolerance to alcohol in one group rather than
another such as a group X sessions X drink interaction. The two groups did not
differ on any of the measures: HR, SC, or self-reports of craving.

In a similar study, Turkkan et al. (1989) used actively drinking male alcoholic
volunteers who met DSM-III-R criteria for alcohol dependence. In five daily ses-
sions, subjects underwent trials in which they were exposed to the taste and smell
of water, hot pepper juice, and bourbon. Each daily session ended with a com-
pound stimulus trial in which the participant was permitted to consume a shot
glass of the bourbon. The study was conducted in a simulated bar, and subjects
were instructed that sometime during each session they would receive an alcohol
drink. Each trial consisted of the taste and smell of bourbon poured by the par-
ticipant into a shot glass and a visible display of the bottle.

Resulis showed that the HR, SC, and ST increases induced by alcohol differed
significantly from the pepper juice stimulus, as well as from water. An observation
with important implications for tolerance theory is that SC and ST to all three
stimuli declined in magnitude over days. There was no differential decline in
responsivity to alcohol versus nonalcobol cues. These results suggest that the
decline was due to habituation of the OR to novelty, a nonspecific effect, rather
than tolerance to alcohol. A corresponding effect was found in an earlier experi-
ment over 12 sessions (Turkkan et al., 1988).

Differential responsivity to alcohol cues in the Turkkan experiment as com-
pared to the lack thereof in the previous study by this group (McCaul et al.,
1989a) could be a consequence of one or more of several different variabies:
the different state induced by the simulated bar as compared to a laboratory
complex; instructions indicating the possibility of a drink at the conclusion of
each session; and the variable intertrial interval and varying number of trials
each day, which increased uncertainty and maintained responsivity. Several sub-
ject variables may also have influenced the different outcome of the Turkkan
study. For example, participants in the experiment may have had a greater se-
verity of alcohol dependence than participants in the previous experiment, and
they were deprived of alcohol for a longer period of time before the start of the
experimental sessions.

Laberg and Ellertsen (1987) examined the effects of a priming dose of alcohol
versus no alcohol and attempted to determine whether availability of alcohol dur-
ing cue exposure and response prevention would facilitate extinction as compared
to the presence of symbolic alcohol cues. An immediate difficulty in this between-
group study is evident upon examination of the drinking histories of the different
groups. Patients in the critical subgroup receiving the alcohol priming dose and
cue exposure with alcohol (P+/C+) consumed considerably more alcohol per
week and reported considerably more years of problem drinking than the patients

" in the remaining three subgroups. This group reported significantly more craving

than the three remaining groups on the first day. The groups also differed in self-
reports of craving, although not significantly, before the first cue exposure.
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Mean SCL and number of nonspecific SCRs increased and then declined over
trials within sessions. Mean HR showed an interaction between days and treat-
ments. The highest HR group, P+/C+, decreased slightly for the first 3 days and
then increased. The interaction is not readily interpretable and provides no clear
evidence of extinction, as seen by a decreased HR, as a consequence of priming
Or cue cxposure with alcohol, contrary to the interpretation by Laberg and
Ellertsen.

Habituation of the organismic OR to the novelty of the situation is confounded
in this and other studics. There is Spontaneous recovery from the previous session
and habituation within a session because of the predictability of the sequence of
events within a session, but not between sessions. For evidence that cue exposure
and priming produce extinction of physiological indices of craving, there must be
persistence of the extinction effect between sessions. There is no such evidence
in this experiment nor in any of the other experiments reviewed.

In view of the above serious shortcomings in their study and the absence of
any follow-up to the experimental treatmeent, Laberg and Ellertsen’s (1987, p.
1347) conclusions are surprising: “‘since it is possible to demonstrate that craving
is reduced in one experimental situation it is reasonable to assume that this also
holds relevance in real life situations. These results lend strong support to findings
by others that cue €xposure and response prevention is an effective treatment
method for severely dependent alcoholics.”’

In addition to its pharmacological and possible conditioned effects, consump-
tion of alcohol in the experimental situation assists in establishing a set and setting
as nonthreatening, less stressful, and less like an experiment. It helps change the
physiological state of the subject. However, set or physiological state can be
changed without alcohol cohsumption, as indicated by the differential reactivity
to alcohol obtained by Kennedy (1971).

Stormark et al. (1993) attempted a novel variation in studies of cue reactivity.
They presented a single slide depicting different alcoholic beverages and a control
slide showing a page of the telephone directory to patients in an alcoholism treat-
ment facility and to social drinkers. Seven presentations of the two slides in two
prearranged orders were administered while recording SCR and SCL. Alcoholics
had significantly larger magnitude SCRs to both kinds of stimuli, but there was
no groups X stimulus interaction. Both groups showed habitvation, Further re-
search is warranted on this interesting problem. The failure to obtain differential
responsivity to the alcohol slide may be due to several possible shortcomings in

the study design. As Staiger and White (1991) and others have demonstrated,
differential reactivity to alcohol as compared to nonalcohol cues is enhanced if
the favorite alcoholic beverage of the subject is presented. A larger number of
different slides of alcohol and of different control stimuli also need to be employed
in order to avoid habituation, Differential SCRs to significant slides of activities
depicting favorite recreational interests have been demonstrated (Wingard and
Maltzman, 1980). A similar methodology may need to be employed to study cue
activity in alcoholics. If slides of preferred recreational interests can elicit differ-
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ential activity, one would think that a consuming interest, such as alcol}ol for an
alcoholic, would elicit differential responsivity as Well.' A c(‘m:'e‘spondmg study
using verbal scripts describing alcoholic and nonalcoholic activities would be of

value as well.

Cue Reactivity as a Predicior of Treatment Outcome and Cue Exposure and
Response Prevention as Treatment

Kennedy (1971) conducted the first study we know .of that us_ed anhaltl)t‘(;f:otr_n;;
response, pupillary dilation, as a measure of progress in alcoholism reda ilita ihe
and a predictor of post-treatment outcome. His approaclf was base. duponf o
earlier work of Hess (1965) demonstrating tgat Rup(llllary dilation, an index of the
a measure of interests and attitudes. _
Oicr:zzd;egzd?:d 35 subjects who completed an alcoholisr.n rehapilit?tzon pro-
gram and were followed up 3 months after discharge. Puplllary. d11at10.ns vsi'ere
recorded in response fo a test tube presentation of. water and‘ their favorite al coI;
holic beverage, in that order, every 2 weeks ur}tll.completlon of the 1(?-wc:§
program. The principal dependent variable was dilation to the alc.oh(.)l dur;ngb t-e
iast three measurements prior to completion of the program. Criterion of abs Rl-
nence on follow-up was sobriety for 3 months. Large dilations—thus, larger .0 5
to alcohol-—were related significantly more Oftel.l to relapse th.an no ‘dzlaltlml)?:.
Kennedy also reported that dilations declined during treatment, indicating habit-
i R.
uail)(:;rzist:: ifl) pupillary dilation during the course of the treatment fmd re.pe;tted
testings could be a consequence of any one or more of thre‘_e Varla;)tfles.t _( )tz
nonspecific reflection of the progress of treatment, (2) nonsp.emﬁc. ha .1tua J1f0n
the test situation, or (3) repeated test situations that resu‘lted in ‘?xtmctlon o 001:-
ditioned pupillary dilation. Contributions of these possible var:ablc?s to the out-
come cannot be determined in the absence of control groups that-dld_not rei.:lelnve
repeated testings or treatment. If, as Kennedy_suggests, tl}e decline in pllxptl a:y
dilation was a function of a declining interest in alcohol, it seems that reda} 1w:1y
nonspecific treatment effects were at work. It may be fmneces'sary to t’nratc.oi
extinguish responses elicited to cues of alcoh{)l: Sfemantlc, mediated, n?x ]1311;1
may occur as a consequence of talking about drinking alcohol and not imbibing,
the sort of activity that occurs in group treatment and se{f—help groups. .
Rohsenow et al. (1994) used cue reactivity measures in an attempt Fo predict
the 3-month post-treatment drinking status of the alCOhOh'CS who received ;:on—
medicated treatment for withdrawal in the study by Monti et al. (1993.3). ret—
gression analysis of craving ratings obtained in the pos‘t-treatment enV{r(])Jrllmenc;
with craving and salivation induced by alcohol.as .the independent varia ‘lera:; i
reactivity to water as the covariates, was not significant. Nor was a simila

" gression analysis with total abstinence as the dependent variable. Separate re-

gression analyses of days to the first drink, with craving and sali?'ation as mde;ﬂ
pendent variables, likewise were not significant. However, regression analyses o
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percentage of days abstinent were significant, with salivation contributing a small
but significant amaount of the variance, indicating that greater salivation to alcohol
than water was related to fewer abstinent days. -
Rohsenow et al. (1994) interpret their significant effect for salivation but not
self-ratings of craving as indicating that salivation is an automatic process and is
related to the initiation of drug use. There are serious difficulties with this inter-
pretation, in addition to the questionable reliability of the effect, given that another
study by this group of investigators failed to find that differential salivation pre-
dicted post-treatment status (Monti et al., 1993b). The status of “automatic’’ pro-
cesses within cognitive theory is also questionable (Pashler, 1994). The concept
“‘automatic™ is poorly defined and of doubful generality. Assuming that automatic
processes are involuntary is also questionable, particularly in the case of saliva-
tion, which can be readily influenced by the respondent (White, 1978).
Monti et al. (1993b) integrated cue exposure and urge (craving) coping skills
training (CET) with standard treatment and contrasted it to a second condition
(CO) of daily assessments and standard treatment, Drinking status was assessed
3 and 6 months after treatment. Participants all met the criteria for alcohol de-
pendence and were randomly assigned to one of the two groups. Subjects in the
CET group received extended exposure to their favorite alcohol beverage in each
Cue reactivity session and were given practice in using skills to reduce the urge
to drink in the presence of the alcoholic beverage and in imaginal exposures. Six
such treatment and assessment sessions were administered within a 2-week period
of standard hospital treatment. Subjects in the CC condition received only the
assessments and standard hospital treatment. Cue reactivity tests at the outset of
treatment and at post-treatment showed an overall significant decline in salivation.
There was no significant interactions with groups or beverages. Similar effects
were obtained with self-ratings of craving. Post-treatment assessment of drinking
status found no significant group differences for the first 3 months, However,
during the 3 to 6 month period there were significantly fewer drinkers in the CET
than the CC group: 50% versus 80%. Using self-ratings of craving to water as a
covariate, craving for alcohol during the first cue reactivity test showed a signif-
icant partial correlation with the percentage of abstinent days in the 3- to 6-month
follow-up. Craving in the post-treatment reactivity assessment did not predict any
measure of post-treatment drinking status. Salivary responding at neither pre- nor
post-treatment cue reactivity tests predicted post-treatment status,

Drummond and Glautier (1994), in a carefully designed study, report that cue
exposure and response prevention produced significantly better outcome 6 months
post-treatment than did relaxation training with a group of subjects meeting the
criteria for severe alcohol dependence. Coping skills training was not adminis-
tered. They also report prediction of post-treatment drinking outcome by physio-
logical measures of cue reactivity obtained on the last day of the 10-day treatment
program. Measures included SCL, IBI, FPV, and forearm EMG. Approximately
26% of the variance in latency to morning drinking and withdrawal was accounted
for by SCL, and approximately 20% of the variance in these symptoms was
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accounted for by FPV. A variety of other interesting results are reported concern-
ing treatment outcome in relation to demographic and personal history variables.

Evaluation of Research on Cue Reactivily and Response Pret)efzzion. .11‘1 thfa al;—
sence of reliable, long-term follow-up evidence that cue reactivity ‘trammg is ef-
fective as a treatment or an adjunct to treatmenr, an.d is more effectw'e than alter;
native approaches, the outspoken and enthus1ast1.c support for this treatmen
(Rosenberg and Hodge, 1990) is premature. Enthusiasm for research on c;;e r;:lac—
tivity as a component of relapse prevention and treatment_ {Heather and' n'z :;ly,
1990; Marlatt, 1990; Niaura et al., 1988) overlooks th‘e serious shortcoming 1nd e
relevant research literature. A more tempered view is warranted (D_rummon et
al., 1990). Research on alcohol cue reactivity a'nd Tesponse prevention nec?ds :10
be integrated into treatment programs as it hE‘iS in some treatments of her;m ; -
diction (O’Brien et al., 1990). Such integratl?n seems to be the most ¢ ective
way to study the possible role of cue reactivity in treatment and .relapse pr_eventlor:i.
More recent studies of cue reactivity and response prevention have 1mprovei
methodology. However, restricting research to peripheral.ANS_measures severely
limits research efforts to explain the behavior under consideration an_d to advance
the treatment of alcoholism because of the generalized and nons-pec1ﬁc naturf: .of
such measures. Research increasingly suggests that thc.are are basic commonalities
in obsessive-compulsive disorders (OCD) and alcol‘lo'hsm with respejct to the m?u];
robiological basis of craving, the inability to inhibit target behaviors, an;:lg;f
factors (Baxter et al., 1992; Modell et al., 1990, 1992, 1993; Rauch et_ al.,h )
Pre- and post-treatment PET scans after phanl?acotherapy or behavior t eiagy
using cue exposure and response prevention indicate that' suc‘;cestsful treatmen );
either method resulted in similar changes in serotonergic circuits. th'it sott O
results would be obtained with PET scans before and after correspondmg treat-
ments of alcoholics? Other studies of OCD have rec?rded PET scans during cue
exposure and response prevention, again obtaining evidence of basic 1nvolver‘r;f>nt
of serotonergic circuits during such exposures (Rauch et al., 199.4). Corresponding
studies are needed of alcoholics, studies that include auto‘nomn? measur’es along
with PET scans. Perhaps then research results and theory will belie Mello’s (1972)
pessimistic evaluation of the concept of craving.

Risk for Relapse. Several studies have attempted to predict the risk for reIa:iQse
on the basis of the patient’s autonomic responses to alcohol, However, fevs{ stu ies
have obtained physiological measures with the subject at rest after detox1ﬁcat1(;n
in order to predict post-treatment outcome and or have used a control gr(l)up' (o)
evaluate possible risk factors. Bauer (1994) has oonduf:tt?d such a study employing
an EEG and several measures of cardiovascular act1v1ty:‘ HR, resplrathry smu;
arrhythmia (RSA) as a measure of vagal tone, and caroth pul§e ampht.ude:u; )
- velocity. Seventeen patients hospitalized for alcohol detox1ﬁcat1c?n and inpatie \
treatment were tested, as well as 14 nonhospitalized control subjects. Trea.tmen
outcome for the 17 inpatients was assessed as either relapse prone (n=11) if any
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alcohol was consumed within 3 months of treatment discharge or abstinent prone
(n=6) if no alcohol was consumed within the first 3 months after treatment. The

groups differed significantly in carotid pulse amplitude and EEG beta power at -

the vertex lead. Relapse-prone subjects were significantly higher on both measures
than the abstinent-prone patients and control subjects; the latter two groups did
not differ from each other. However, the two inpatient groups had similar family
and personality risk factors.

Bauer’s (1994) study is interesting for several reasons. His results encourage

the use of a variety of physiological measures to differentiate between patients .

who will or will not relapse. Use of a control group of nonpatients provides
valuable information indicating that the abstinent group did not differ from non-
patients on the physiological measures obtained. Despite the lack of the study’s
power due to the small number of subjects participating in it, significant physio-
logical differences between inpatient gronps were obtained, but not personality or
family risk factors. Additional research employing a larger number of subjects
and longer post-treatment petiods is needed.

Effects of Chronic Alcoholism
The Pupillary Light Reflex

Pupillary constriction evoked by light increases is based upon parasympathetic
innervation of the sympathetically controlled pupillary dilators (Appenzeller,
1990). In contrast to the fast and reflexive pupillary constriction in response 10 a
light flash that seems to be controlled by parasympathetic input, adaptation to the
darkness is a much slower process resulting from relaxation of the pupillary
sphincter,

Pupillary dilation and changes in the pupillary light reflex are rarely used in
research on alcohol effects and alcoholism. One study by Rubin et al. (1977) has
demonstrated that alcoholics show attenuated pupillary reflexes to both Hght and
darkness. Compared to normal controls, the alcoholics also showed less pupillary
dilation in response to a cold stressor. When apparently the same data were rean-
alyzed in more detail (Rubin, 1980; Rubin et al, 1978), a difference emerged
between the alcoholics who chose to drink during the treatment and those who
volunteered to abstain. No drinking was allowed during the last week before
testing. The dilation response to darkness of the ‘“abstainers’’ was midway be-
tween the normal controls and the ‘“drinkers,”’ who showed the most attenuated
response. There was no difference between drinkers and abstainers in the pupillary
constriction measure (light reflex), although their responses were attenuated over-
all when compared to the controls. During a cold stressor task, the abstainers
displayed the same degree of pupil dilation as the normals, whereas the response
of the drinkers was markedly smaller. These data do not warrant any definite
conclusions regarding the selective impairment of the two ANS branches in al-
coholics, although Rubin et al. (1978) suggest that the alcoholics who chose to
drink had decreased sympathetic activity and supranuclear inhibition.
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Bender (1933) has measured pupillary constriction in response to a light flash
in nonalcoholic subjects under the influence of alcohol. His results suggest that
alcohol ingestion produces increased pupillary diameter, indicating increased sym-
pathetic activity.

Alcohol and Sexuality

It is a commonly accepted belief that alcohol intoxification leads to heightened
sexual desire and arousal. People experiencing doubts and insecurities about their
sexual functioning are more likely to drink in potentially sexual situations in an
attempt to increase their chances of ‘“better performance,”” especially if they be-
lieve that alcohol decreases nervousness (Leigh, 1990).

Most of the experimental evidence on this subject, however, which comes from
studies of men, contradicts this widely accepted common knowledge of the bene-
ficial effects of alcohol on sexuality. In a study of acute effects of alcohol given
to male nonalcoholics, Briddell and Wilson (1976) reported a decrease in sexual
arousal proportional to the increase in the BAL, as measured by penile tumescence
evoked by an erotic film. Similarly, Malatesta et al. {1979) obtained a negative
correlation between BAL and sexual arousal, degree of pleasure, and orgasm la-
tency. Farkas and Rosen (1976) replicated those results with the exception that at
the lowest BAL, 0.025%, which was lower than in the Briddell and Wilson study,
there was an increase in penile tumescence. In addition, studies of sexual arousal
in male subjects and dogs as measured by nocturnal penile tumescence have con-
firmed the lack of any positive effect of alcohol intake on different parameters of
arousal (Mozlet et al., 1990).

Numerous studies have documented the deleterious effects of chronic alcohol
consumption on sexual responsiveness as assessed at the time of hospitalization
(Jensen, 1984; Whalley, 1978), as well as 9 months after alcohol dependence
treatment (Fahmer, 1987).

Different aspects of the sexual response are subserved either by predominantly
sympathetic or by predominantly parasympathetic branches of the ANS. Parasym-
pathetic activity during the excitement phase results in arterial dilation and in-
creased blood supply to the surface of the body and thus subsérves the erection
and vulvar swelling. The sympathetic branch coniributes to the erection by con-
stricting the venous valves. The SNS is primarily responsible for increases in
tachycardia, blood pressure and hyperventilation, leading to the short period of
arterial constriction during ejaculatory activity (Masters and Johnson, 1966; Miller
and Gold, 1988).

Central mechanisms of the sexual response in humans are not well understood.
Cox (1979) reported that stimulation of the septal region in humans produced
strong sensations of sexual pleasure. However, sexual activity is by no means

" purely reflexive in nature. A prominent and perhaps determining influence of

imagination and fantasy on sexual responsivity, as measured by penile tumes-
cence, indicates an input from the cerebral cortex into centers regulating auto-
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nomic activity. A capacity to control sexual arousal voluntarily has been observed

in many studies contrary to the widely held opinion that penile erection is an
involuntary response (Henson and Rubin, 1971; Quinsey and Carrigan, 1978).
Moreover, Smith and Over (1987) have noted that men with the greatest capacity
to form vivid images while fantasizing achieved the greatest voluntary control
over their sexual arousal. Ability to voluntarily suppress sexual arousal while
viewing sexually explicit materials was also noted in persons convicted of rape
(Wormith et al., 1988).

Studies using the balanced placebo design with nonalcoholic subjects seem to
indicate no positive effect of alcohol on sexual arousal, but a strong effect of
instructional set such that the greatest arousal was shown by male subjects tricked
into believing that they were receiving alcohol (Briddell et al., 1978; Crowe and
George, 1989; Hull and Bond, 1986; Wilson and Lawson, 1976b). In view of the
above evidence it comes as no surprise that sexual arousal is primarily under
voluntary control and verbal regulation and the effects of alcohol are detrimental
to sexuality. &

Chronic alcohol abuse often results in sexual dysfunction. Possible mechanisms
of this widely cited effect are still unknown. In addition to impotence and a lack
of sexual desire, heavy drinking in men may result in endocrine syndromes of
hypogonadism (Bannister and Lowosky, 1987) and hyperestrogenization (Van
Thiel and Lester, 1979), which are thought to be caused by direct toxic effects of
alcohol on testicular activity, as well as a decreased gonadotropin output by the
hypothalamus-pituitary axis (Van Thiel and Lester, 1974). Chronic aicohol abuse
results in sexual dysfunction in both genders, as indicated by erectile dysfunction,
impaired female reproductive functions, and reduced sexual arousal and interest
(Snyder and Karacan, 1981; Van Thiel and Lester, 1979). Finally, it is known that
chronic alcoholism interferes with numerous neurochemical mechanisms in a

highly complex manner, and it is possible that disturbances in these mechanisms.

(e.g., cholingeric, serotonergic, GABAenergic) indirectly contribute to sexual dys-
function (Hoffman and Tabakoff, 1985).

Since alcoholism is a highly complex biopsychosocial disease, the causes of
sexual dysfunction cannot be attributed only to the physiological effects of alco-
hol. Different aspects of psychosocial functioning, such as anxiety, adequacy in
personal and professional function, and personality factors and their physiological
correlates, interact with physiological states in an intricate and interdependent
manner to determine sexual functioning in the alcoholic.

Acute and chronic effects of alcohol on female sexuality have not been given
the attention they merit. Although some studies report results paralleling alcohol
effects on male sexuality-—more specifically, a negative correlation between BAL
and physiological measures of sexual arousal in women (Wilson and Lawson,
1976a)—other findings emphasize gender differences (Wilson and Lawson,
1976b). In their balanced placebo study, Wilson and Lawson (1978) replicated
their earlier findings of decreased physiological sexual arousal in women after
acute alcohol intake. However, in contrast to men, women did not manifest the
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expectancy effect, failing to show arousal by the mere instruction to expect al-
cohol. Chronic effects of alcohol intake seem to resuit in sexual dysfunction in
women as indicated by reduced sexual arousal, altered senses, and sterility, thus
broadly paralleling the deficits observed in men (Van Thiel and Lester, 1979).
More work is needed to elucidate the complex interactions among effects of al-
cohol, instructional set, bormonal and social contexts and personality variables on
sexual arousal in women and men.

ANS Susceptibility to Chronic Effects of Alcohol

Several studies have endeavored to assess the susceptibility of the ANS to patho-
logical changes caused by chronic exposure to alcohol. Matikainen et al. (1986)
examined alcoholic patients free of overt neurological symptoms and observed
subclinical abnormalities in the ANS, particularly in the functioning of its para-
sympathetic branch. In a group of chronic alecholics diagnosed with peripheral
neuropathy, Low et al, (1975) observed reduced sweating, higher resting arterial
pressure, and a smaller reduction of arterial pressure in response to trinitroglycerin.
Patients did not exhibit symptoms of postural hypotension, thus distinguishing the
effects of chronic alcohol abuse from those of Wernicke’s encephalopathy and
diabetic neuropathy. In a postmortem study, Appenzeller and Richardson (1966)
observed abnormal degenerating neurons in sympathetic ganglia in a subset of
patients with clinical symptoms of polyneuropathy. Novak and Victor (1974) per-
formed a postmortem examination of four patients with severe neuropathy caused
by excessive alcohol consumption. They observed sympathetic nerve degenera-
tion, as well as vagus demyelination and degeneration. These pathological changes
in peripheral nerves might be partially responsible for several impairments. For
example, reduced conduction velocity or even a complete biock of nerve conduc-
tion might be caused by axonal degeneration and demyelination (Mawdsley and
Mayer, 1965). Causes of the abnormalities are not understood, although it has
been suggested that they may be a result of the direct toxic effects of alcohol,
liver faiture, metabolic dysfunction, or thiamine deficiency (Mayer and Khurana,
1982),

Withdrawal

In a unique study, Isbell et al. (1955) demonstrated the full spectrum of dramatic
effects resulting from the sudden cessation of chronic exposure to large amounts
of alcohol. Most commonly reported withdrawal symptoms are tremors, nausea
and vomiting, and a variety of sympathetic responses: hypertension, sweating,
tachycardia, elevated body temperature, pupil dilation, and insomnia (Adinoff et
al., 1988). Occasionally, the autonomic-motor excitation is accompanied by hal-

" lucinations, seizures, and delirium tremens (Kanzow, 1986). In addition to those

symptoms, sympathetic hyperarousal during withdrawal has been indicated by
increased levels of noradrenaline metabolites in the cerebrospinal fluid (Linnoila
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et al., 1987). Measures taken 10 days later in the same patients indicated a sig-
nificant reduction in noradrenaline turnover, which was correlated with the dis-

appearance of withdrawal symptoms. Administration of agonists to alpha-2-recep- -

tors, a major noradrenaline receptor, results in reversal of withdrawal symptoms
(Gold et al., 1979).

In addition to increased noradrenaline release, withdrawal alters the activity of
other neurotransmitter systems. Deficiency in GABA activity has been noted
(Cowan and Nutt, 1982), further increasing CNS activity due to its *‘disinhibi-
tion’’ and probably contributing to seizure occurrence. Comparing medicated and
unmedicated groups of alcoholics undergoing withdrawal, Wang (1986) has ob-
served increased sympathetic arousal in the unmedicated alcoholics as assessed
by electrodermal responsivity. This group exhibited larger SCR-ORs to aversive
stimouli and failed to show habituation. In contrast to commonly observed tolerance
effects after prolonged exposure to alcohol, withdrawal episodes tend to occur
after increasingly shorter time intervals, indicating the ‘‘sensitization”’ of auto-
nomic symptoms. Ballenger and Post (1978) suggested that the gradual increase
in neural reactivity apparent from the increasingly severe withdrawal symptoms
is due to a kindling effect.

Studies of Nenalcoholics

Theoretical concerns increasingly dominate research on the effects of alcohol on
nonalcoholics that uses ANS measures of such effects. This section reviews some
of this research in three interrelated problem areas: tolerance, risk factors related
to alcoholism, and the tension reduction and stress dampening hypothesis.

Tolerance

Tolerance, like habituation, which it resembles, is a descriptive term referring to
a decline in responsivity to a stimulus—in this case, the drug alcohol—with
repeated ingestions. To maintain the same level of responsivity or effect with
repeated ingestions, the amount ingested must increase. Various theories have been
proposed to account for the development of tolerance. Recent reviews describe
current theories of behavioral augmentation of tolerance, reinforcement density,
classical conditioning theories, current neurobiological research, and systemic ef-
fects (e.g., Goudie and Demellweek, 1986; L& and Kalant, 1990). The most ex-
tensively studied theory in recent years in human research and research examining
effects on the ANS has been the classically conditioned compensatory response
(CCR) theory of tolerance (Siegel, 1979, 1987; Siegel and Sdao-Jarvie, 1986).
According to CCR theory, the environmental context in which a drug is ad-
ministered serves as a conditioning stimulus (CS) that elicits for many drugs a
compensatory response opposite to the drug effect. Alcohol tolerance is therefore
a consequence of the growth of CCRs with repeated pairings of the environmental
CS-CCR association. Experimental manipulations that influence CRs should have
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comparable effects upon CCRs and hence influence alcohol tolerance (Siegel and
Sdao-Jarvie, 1986).

Consideration of set and setting in terms of the physiological state and the
organismic OR of the individual interacting with the environment, and conse-
quently interacting with the drug alcohol, may provide a basis for an interpretation
of apparent tolerance that fundamentally differs from the CCR theory. We propose
that apparent nonsystemic tolerance to alcohol seems to be specific to a particular
situation not because of the conditioning of a compensatory response to the con-
text in which alcohol was ingested, but because of the physiological state induced
by the novelty of the laboratory test situation interacting with the drug. Our hy-
pothesis is that the evidence for the role of CCRs in determining tolerance is
produced in the test situation—it is an artifact. Some of the strongest evidence
for our hypothesis is the occurrence of an apparent CCR in a novel test situation
where a placebo was substituted for alcohol but in the absence of the prior de-
velopment of apparent tolerance to alcohol (McCaul et al., 1989b; Newlin, 1986).

There are at least two reasons for the failure to recognize the confounding that
has given rise to the apparent evidence for a CCR, one methodological and the
other theoretical. A major reason for failing to grasp the importance of the novel
test situation is that studies have used incomplete factorial designs. This short-
coming may become apparent when we turn to an examination of a specific
experiment. The second reason is the failure to realize that the OR to novelty is
a manifestation of a nonspecific organismic response, as previously noted. In most
laboratory experiments a mismatch or discordance between a neuronal model of
past and present stimulation induced the organismic response to exteroceptive
stimuli. Neuronal models may be assumed to develop to discriminably different
internal states as well, Conditions for arousal of an OR occur when an individual
has repeatedly experienced an internal state induced by a drug and then experi-
ences a discordance between that neuronal model and the state induced by a
placebo-—-or vice versa. A discordance, hence an OR, may occur by shifting from
a placebo to a drug. However, the OR need not be of the same magnitude as in
shifting from a drug to a placebo. The ORs would not be symmetrical because
the OR is a function of intensity of the stimulus to which the change occurs, as
well as the amount of change (Maltzman et al., 1971b).

In the usual experiment conducted with human subjects, upon entrance into a
new situation, such as a laboratory, the individual is in a state of heightened
arousal due to the stress induced by the situation’s unfamiliarity and unpredict-
ability. Activation of the ANS, especially its sympathetic branch as it prepares the
organism for a potential alert, summates with activation initially induced by al-
cohol. Initial effects of alcohol and novelty produce a “‘high’’ level of arousal
via the activation of the H-P-A axis, which is especially reinforcing. As nounspe-
cific arousal habituates with increasing familiarity and loss of novelty of the sit-
uation, the effects of alcohol seem to habituate, and tolerance is said to have
occurred. Habituation of nonspecific arousal effects due to increasing familiarity
is specific to the situation. Apparent decreased responsivity to alcohol is not tol-
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erance produced by the acquisition of a CCR, but rather habituation of the or-
ganismic OR to the novel stimulus context due to the development of 2 neuronal

model with repeated concordance between past and present interoceptive as well -

as exteroceptive stimulation.

A study by Peris and Cunningham (1986) is relevant to our hypothesis. They
demonstrated interactive effects of alcohol and stress that have important impli-
cations for human as well as animal studies of tolerance. In one treatment they
used ambulatory and telemetered recording of HR and rectal temperature, thereby
avoiding the stress of manual recording of temperature in rats receiving injections
of alcohol or saline (1). The usual manual recording of temperature was used in
a second treatment (2),

Alcohol in the absence of handling stress produced significant tachycardia and
hypothermia (3). Handling stress in the absence of alcohol produced significant
tachycardia and hyperthermia (4). Handling stress and alcohol combined produced
heightened tachycardia greater than that produced by stress or alcohol alone. They
also produced greater hypothermia than in the alcohol no-stress freatment, rather
than reduced hypothermia or even hyperthermia refiecting competing physiolog-
ical processes. Blood alcohol levels did not vary with the different handling
treatments.

The obtained results suggest that repeated exposure to stress and alcohol, which
permits stress to habituate, would result in a decline in tachycardia and body
temperature, regardless of the changing tolerance to alcohol. These changes seem
to be specific to the environmental context.

These results suggest an alternative to the CCR interpretation of apparent tol-
erance. An experiment on tolerance usually starts with conditions 3 and 4 above,
with stress and alcobol producing heightened tachycardia and hypothermia. After
repeated trials in the same context, stress habituates due to increased familiarity.
Habituation of stress results in a state resembling condition 1 in Peres and Cun-
ningham’s experiment; alcohol alone produces tachycardia and hypothermia, but
less than in the combined conditions 3 and 4 that characterized the start of the
experiment. Tolerance would seem to have occurred, but it is in fact the conse-
quence of habituation of stress. A placebo test in which alcohol is omitted is
similar to condition 2 in Peres and Cunningham’s experiment, Stress is induced
as a consequence of novelty and in the absence of alcohol results in tachycardia
and hyperthermia. The latter is taken as a CCR uncovered by the placeba, but it
is not an opponent process or compensatory response that was increasing through-
out the tolerance trials. It appears in the test situation as a response to novelty
stress.

Dafters and Anderson (1982) conducted one of the first and most extensive
attempts to demonstrate conditioned tolerance in human subjects. They investi-
gated tolerance in the tachycardia response to ethanol in male undergraduate stu-
dents considered to be moderate social drinkers. Electrodes were attached to sub-

jects, and baseline recordings were obtained in a neutral room. Two distinctly
different rooms were employed for the experimental sessions. There were 10 days
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of habituation or tolerance acquisition. On half the days subjects received the
alcohol in room A, and on the remaining days they received the placebo in room
B. On day 11 all participants received alcohol for the first time in their placebo
room (A or B as the case may be), and on day 12 they all received alcohol once
again in their alcohol room.

Results indicated the habituation of tachycardia to alcohol, interpreted as grow-
ing tolerance, over the course of the 5 alcohol administration days. A signi‘ﬁcant
increase in tachycardia in response to alcohol in the novel room occurred in the
first test session, day 11, as compared to the last previous day of alcohol admin-
istration in the usual alcohol room. On day 12 there was a significant decrease in
HR as compared to the response on the previous day and no difference from the
response on the last day subjects received alcohol in their alcohol room. Results
of the test days were taken as evidence that tolerance is due to a competing CCR
that is conditioned to particular environmental stimuli, a specific distinctive room.
When alcohol is received in a different room, the CCR is not elicited, and the
original HR change is once more evoked. '

After the tolerance-acquisition period in which alcohol is repeatedly adminis-
tered in one and the placebo in another context, four test situations are necessary
to separate the contributions of context-novelty versus alcohol to the resPlting
apparent tolerance. These test situations include (1) alcohol administered in the
context associated with alcohol during the tolerance acquisition period, (2) placebo
given in the context associated with placebo, (3} placebo given in the context
previously associated with alcohol, and (4) alcohol given in the context previously
associated with the placebo. As the current test for conditioned tolerance was
conducted, the change in room in which alcohol was received is confounded with
novelty—receiving alcohol in a new situation for the first time. Novelty evokes
widespread physiological changes involving an increase in overall arousal, in-
cluding tachycardia. I a placebo were given for the first time in the alcohol room,
tachycardia should be evoked due to novelty according to our hypothesis. The
last two groups should both show significant increases in tachycardia according
to a novelty OR interpretation. A conditioned tolerance theory would predict that
only the treatment employed by Dafters and Anderson—alcohol in the novel
placebo room—would show increased tachycardia. :

A similar analysis may be applied to a study by Staiger and White (1988) with
the additional assumption that the state induced by the room—novel or familiar
—has a primacy effect (Maltzman et al., 1971a) in its interaction with the bev-
erage subsequently received. Primacy and novelty would determine whether the
CR is isodirectional or drug-opposite response (Eikelboom and Stewart, 1982), in
contrast to the interpretation offered by Staiger and White (1988).

Shapiro and Nathan (1986) conducted an experiment attempting to demonstrate
tolerance and CCRs using measures of performance, as well as autonomic measures.
The autonomic measures were analyzed using difference scores between initial
baseline and each of the three postconsumption recording periods, a procedure that

does not adequately adjust for LIV. During the tolerance development phase, alcohol
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as compared to tonic consumption resulted in significantly greater increases in HR
and finger pulse amplitude (FPA) and greater decreases in body temperature (BT),

but only within a given session. Since persistence of decrements in responsivity.

between sessions was lacking, there was no reliable evidence of the development
of tolerance across sessions in any of the physiological measures. Likewise, there
were no significant physiological effects on the test days. Therefore, the suggested
evidence of tolerance in performance measures may be seriously questioned,
Additional studies of tolerance in humans suffer from a variety of procedural
difficulties. Failure to equate for pleasantness and other dimensions of the placebo

and nonplacebo drinks leaves interpretations moot and does not support CCR.

theory, contrary to the investigators’ claims (e-g., McCusker and Brown, 1990;
Newlin, 1985a).

Furthermore, CCR theory has unreasonable implications for human behavior
outside the laboratory context, as well as within it. It implies that individuals with
varying degrees of tolerance as a consequence of past drinking history will show
no tolerance in a laboratory when offered an alcoholic beverage since the envi-
ronment is so very different from their usual drinking context. It is unfortunate
that various studies of tolerance utilizing autonomic measures or studies that have
administered alcohol to the heterogeneous sample have not obtained detailed
drinking histories as an estimate of tolerance. However, such an experiment has
been conducted using Somatosensory evoked potentials (SEPs), Seales et al.
(1978) found that the effect of alcohol on late components of the SEP varied
inversely with the drinking history of participants. Contrary to CCR theory, tol-
erance as a function of drinking history was demonstrated in the context of a
iaboratory, which should not evoke CCRs. Earlier laboratory research described
by Wallgren and Barry (1970} also demonstrates tolerance as a function of drink-
ing history with a variety of response ineasures.

Interest in tolerance in large part stems from the assumption that the reinforcing
effects of alcohol decrease with the repeated ingestion of alcohol. As a conse-
quence, an individual must increase the amount ingested to obtain the same level
of reinforcement as obtained initially. Ingestion of increasing amounts of alcohol
to obtain reinforcement can result ultimately in physical dependence on alcohol
and a myriad of social and personal problems, as well as biomedical complica-
tions. None of the studies considered addresses this essential characteristic of
tolerance, the assumed decline in reinforcing effects.

Risk Factors

Studies have employed autonomic measures under several different experimental
arrangements in order to assess individual differences in the risk for alcoholism.
The attempt is to differentiate among individuals in terms of the heightened prob-
ability or risk for problem drinking or dependence prior to any signs of excessive
alcohol consumption. Two categories of risk factors have been studied: familial
and personality.
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A reasonable research question is to determine whether or not individuals who
may be at increased risk differ in autonomic responsivity under a variety of con-
ditions, when challenged by alcohol as well as in its absence. However, differences
in autonomic responsivity in the offspring of alcoholics as compared to nonal-
coholics do not necessarily mean that these differences are genetically determined
effects or that they reflect an increased probability of developing alcoholism. Dif-
ferences may be entirely environmentally determined, a result of an interaction of
environment and genetic factors, or a function of nonspecific factors related to a
dysfunctional family, rather than be specific to alcoholism.

We know of no studies employing autonomic measures that have used an es-
sential control group: offspring who come from dysfunctional but nonpsychiatric
and nonalcoholic families, e.g., families where the father is paraplegic because of
injury so that family roles change, etc. Sociopathy, depression, attention deficit
disorder and stress stemming from being raised in a dysfunctional family may all -
influence autonomic responsivity quite aside from the presence of familial alco-
holism. Use of such measures as the Family Environment Scale (Moos and Moos,
1981), especially the Cohesion subscale (Maltzman and Schweiger, 1991) might
differentiate a specific family history of alcoholism from nonspecific familial
factors,

Apother important consideration is whether or miot the risk factor is relatively
specific or nonspecific. Does the apparent risk factor limit its effects to an increase
in the risk of alcohol abuse/dependence or to an array of disorders, dependence
upon other drugs, antisocial personality, attentional deficit disorder, depression,
and juvenile and adult delinquency, all conditions that may be related to deviant
autonomic responsivity? These considerations suggest that studies of risk factors
for alcoholism need to be multivariate investigations in which a broad range of
psychosocial, personality, and family environment factors serve as independent
variables. Multiple dependent variables—autonomic, electrophysiological, and
neuropsychological tests—are also needed since they may vary in their sensitivity
as measures of risk. Finally, because of the many variables usually employed in
risk studies, they need to apply appropriate statistical precautions, e.g., correction
for Type I error rates.

Risk Factors and Cue Reactivity and Tolerance. Several different methods have
been used to subjects with a positive history of alcoholism in the family (FH+)
and those with no history of alcoholism among their biological relatives of varying
degree (FH—). Investigators have attempted to induce differences between groups
by having them ingest alcohol, administering cue reactivity tests, and then ob-
serving tolerance and stress response dampening.

Studies using alcohol challenge and differential cue reactivity with various
physiological measures have failed to find reliable differences between FH+ and
FH— men, which may ot may not be due to the method of selecting subjects at
risk. McCaul et al. (1990, 1991a, 1991b) used DSM-IIH-R criteria for alcohol
dependence as reported by college students for their father Walitzer and Sher
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(1990) used the short version of the Michigan Alcoholism Screening Test
(SMAST). McCaul et al. (1990, 1991a, b) challenged subjects with varying doses

of alcohol and secobarbital and found no group differences between FH+ and °

FH~- in any of their performance or physiological measures: HR, ST, and SCL.,
The only difference was self-reports of more hangovers in the FH+ than FH—
men. Walitzer and Sher (1990) reported two cue reactivity studies in which they
found no differential group effects where FH+ as compared to FH— was signif-
icantly more responsive on the measures of salivation, ST, SCL, HR, and frontalis
EMG to a priming dose of preferred beer.

Newlin and Thompson (1991) used cue reactivity to investigate the develop-
ment of tolerance versus sensitization in FH+ and FH— coliege men selected on
the basis of their completion of a Michigan Alcoholism Screening Test (MAST)
on their biological father, There were no changes in FH+ men for ST and SC,
whereas FH— men showed tolerance in these measutes. Their conclusions that
sensitization developed in FH+ and tolerance in FH— paiticipants are based in
part upon an analysis of difference scores that mainly show positive slopes of
changes within sessions for FH+ and negative slopes for FH~ subjects. Newlin
and Thompson’s analysis of their results is unconvincing, because it only shows
changes occurring within sessions. Sensitization and tolerance are generally as-
sumed to be relatively persistent phenomena, whether or not they are classically
conditioned, and therefore their effects should be apparent as significant changes
between sessions. There should be a significant groups X sessions effect, which
was not, obtained. Furthermore, no significant between-group differences were
obtained in the placebo test session on any of the physiological measures, a result
that contradicts Newlin and Thompson’s interpretation of the prior changes oc-
curring within sessions with alcohol challenges,

Risk and Classical Conditioning. We know of only one study of family risk fac-
tors in classical conditioning of autonomic measures (Finn, et al., 1994). Density
of risk was studied in that high-risk (FH+) subjects had an alcoholic father and
at least one additional first- or second-degree alcoholic relative. Low-risk (FH-)
subjects had no identifiable first- or second-degree alcoholic relatives. There were
16 FH+ and 16 FH— male subjects. Prospective subjects were excluded if they
met DSM-II-R criteria for current alcohol abuse or dependence. There were no
differences between the groups on the Sensation Seeking Scale, Socialization
Scale, MacAndrew Alcoholism Scale or trait anxiety. Significantly higher MAST
scores were obtained by the FH+ than FH— group. Delayed conditioning with a
short CS-US interval was used. A high tone served as the CS+, and a low tone
served as the CS— interspersed among conditioning trials pairing the CS+ with
an electric shock. Test trials in which the CS+ was presented in the absence of
the US were used to assess the development of discriminative conditioning—
Tesponsivity to the CS+ as compared to the CS—. An extinction session followed
conditioning without interruption where CS+ and CS— were presented in the
absence of the US until a criterion of three successive trials with no response was
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attained. After a 10-minute rest period ten more tones were presented for a test
of spontancous recovery of the SCR to the CS+ and CST. _

Bilateral recording of the SCR was the dependent variable alor3g with finger
pulse amplitude (FPA). Results with the latter measure are only briefly reported.
The FH group showed significantly greater FPA to CS+ than CS—. They therefore
showed discriminative conditioning. The FH— group also showed greater -resl?orf-
sivity on the first trial of the spontaneous recovery pha§e than FH+. Plscrlml—
native conditioning did not differ significantly as a function of family risk.

There were no differences in basal skin conductance durix}g‘ any of the phases
of the experiment. Acquisition as measured by mean responsivity to the CS+ test
trial as compared to CS— indicated that the FH— gr0}1p showe'd greater Tespon-
sivity than FH+ to the CS+ test trial tones, but no d1fferen(.:e. 1n.res;?onsw1ty to
the CS— control tones. Only the FH— group showed conditioning in terms of
significantly greater mean responsivity to CS+ than CS—.'The difference reﬂccte_d
slower habituation of the SCR to CS+ than to CS— during the course of acqui-
sition. There was no significant group X stimulus interaction. Thf: I.JCRs of the
two groups did not differ significantty. Extinction was more rapid in the FH+
than the FH— group. Less spontaneous recovery for the FH+ than t%le FH— group
was apparent on the first two trials of this phase. When a correction for Type I
errors was employed, there was no significant relationship betvs‘reen'responswuy
to CS+ or discriminative responding to the test and control stimuli and any of

r and pencil tests. -
theczilziei;tioning results suggest a modest relationship between high-density family
risk and discriminative conditioning and responsivity to the CS+. Theire were no
significant correlations between conditionability and measures otf antisocial per-
sonality or disinhibition. These latter results therefore pI‘O\tlde I%ttle suppqrt for
the notion that propelled the study, Gray’s (1975) biobehavm‘ral 1nf:er1?re3tf1t10n of
disinhibited behavior. According to this interpretation a beha\'nor?.l inhibition sys-
tem (BIS) mediates responses to stimuli for punishment,‘extlnctlon, .anc! nf)vel.ty.
Deficits in behavioral inhibition should therefore result in poorer discnmmatw.e
conditioning with a noxious US; specifically, less res‘.pon51v1t.y t‘_) fhe CS+. Inc.h—
viduals with a FH+ should also show a variety of forms of disinhibited personality
characteristics, including poor responsivity to signals for punishment. .

At best, a weak conditioning effect was obtained, providing a ‘‘basement
effect for showing poorer conditioning in subjects at fisk. Finn (?t al. §1?94? as-
sume a particular theory of classical conditioning, which has serious l}m1tat1(?ns.
First, it overgeneralizes from the fact that a noxious US was used. It is poss‘lble
that FH+ subjects would manifest poor conditioning in the apz:‘.enf:e of a nox19us
US. An adequate test of the BIS theory would require conditioning with an in-
nocuous US, such as in the forewarned reaction time procec'lure (Maltzman,
1979%9a), and demonstrating with such a paradigm that FH+ su‘?_]ects would con-
dition as well as FH— subjects and more poorly when a noxious US W'as em-
ployed. Another serious methodological problem with the study is the ‘fallure to
obtain measures of verbalization of the CS-US contingency. The most important
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source of variance in laboratory classical conditioning of SCR is the verbalization
of the CS-US contingency (Maltzman, 1979a, 1987). Averaging results over ver-

balizers and nonverbalizers presents a very misleading picture of what occurred -

in the experiment. Difficulties of interpretation of the results are compounded by
the use of test trials, rather than a long CS-US interval. The latter procedure would
permit assessment of the magnitude of the CR and the UCR on each trial. Absence
of an initial phase in which SCR-OR is habituated to the tones further confounds
the acquisition phase. The reasons given for the failure to employ these more
commonly used procedures are unconvincing. Additional research on family risk
factors and classical conditioning of SCR is needed, but different experimental
procedures than the ones used by Finn et al. (1994) need to be employed.

Risk and Stress Response Dampening

The most extensive investigations of risk factors and with some apparent positive
findings have been conducted in the context of stress response dampening (SRD);
(Finn and Pihl, 1987, 1988; Finn et al., 1990; Levenson et al., 1980, 1987; Pe-
terson et al., 1993; Sher and Levenson, 1982). The term *‘stress response damp-
ening”’ was coined by Levenson et al. (1980) to refer to the possible attenuating
influence of alcohol upon the effects of stress. This effect and its converse, the
disinhibiting effect that stressors may have upon the depressant effect of alcohol,
have along history of research (Wallgren and Barry, 1970). However, the em-
phasis upon SRD is derived from the tension reduction hypothesis (TRH), which
suggests that alcoholism is reinforcing because it reduces tension or drive (Conger,
1951, 1956). Research on SRD by Levenson and others has evolved into the study
of individual differences in SRD or tension reduction as a strategy for approaching
the problem of risk in terms of individual differences in the reinforcement value
of alcohol. The underlying assumption is that individuals who derive greater re-
inforcement from alcohol than the average person—for example because it is
more tension or stress reducing for them for whatever reason—are at greater than
average risk for increasingly seeking and consuming alcohol.

Two general methodological problems persist. First, there is no independent
criterion of what constitutes stress or stressors as an independent variable nor is
there an agreed-upon independent criterion of tension. Second, tension or drive
reduction is no longer a viable general theory of reinforcement for alcohol or any
other incentive. Drive or tension reduction theories of reinforcement have repeat-
edly been refuted in behavioral studies (e.g., Sheffield and Roby, 1950; Sheffield
et al.,, 1951), studies of exploratory and manipulatory behavior (Harlow et al.,
1950) and neurobiological studies beginning with brain stimulation (Olds and
Milner, 1954). These and other studies have shown that different kinds of stim-
ulation, rather than the reduction of stimulation, are reinforcing.

In the light of behavioral and neurobiological research, continued research on
tension reduction as the basis for the reinforcing effects of alcohol is an anach-
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ronism. Extensive research on stress and alcohol in animals that assesses the
ternporal relationships between stress and alcohol consumption (Volpicelli, 1987)
suggests that stress depletes one or more neurotransmitters and alcohol consump-
tion temporarily compensates for the depleted stores either by directly or indirectly
binding with one or more receptors. Individual differences resulting in lower levels
of neurotransmitters either as the result of genetic influences or stress may be
compensated for by ingestion of alcohol (Blum and Payne, 1991; McBride et al,,
1990). Although the possibility remains that alcohol, in addition to having a pos-
itive reinforcing effect, also has a direct negative reinforcing effect—it serves to
reduce anxiety by activating the same anatomical mechanisms serving opiates—--
there is no clear animal evidence that such is the case (Wise, 1988).

Another reason why studies of SRD cannot shed light upon the basis for al-
cohol’s assumed reinforcing effect is analogous to our criticism of tolerance stud-
ies: studies of SRD and TRH do not examine the function in question. None of
the studies of SRD as investigations of tension reduction actually studies whether
learning takes place whenever SRD occurs and does not take place in the absence
of SRD produced by alcohol. They examine whether or not physiological re-
sponses induced by stressors decrease as a consequence of the ingestion of alcohol
and not whether learning may or may not occur as a consequence of the assumed
reinforcement indexed by the physiological change.

In addition to the limited information forthcoming from SRD as a means of
providing a basis for alcohol’s reinforcing effects, these studies may nevertheless
shed some light upon risk factors, although not necessarily for the theoretical
reason proposed by the investigators conducting the studies, and on the interaction
between different physiological states.

Levenson et al. (1980) examined the relationship between stress and alcohol
using a relatively high dose of alcohol (1 g/kg) in a double-balanced placebo
design with two kinds of stress-inducing situations: (1) electric shock and (2)
social anxiety, produced by giving an improvised talk on what the participants
like and dislike about their body and appearance. A count-down procedure was
used to introduce a stressor, whether the shock or improvised talk.

Analysis of the precountdown phase revealed that subjects consuming alcohol
showed significantly faster HR, lower HR variability, high SCL, longer finger-
pulse transit time (PTT), and lower self-reported anxiety. There were significant
alcohol effects, but no significant instruction effect and no interaction. There was
no evidence that might be interpreted in terms of expectancy. Effects of the spe-
cific stressor, shock or social anxiety, were similar. There was increased HR,
increased somatic activity, increased SCL, decreased ear-PTT, and increased self-
ratings of anxiety.

Beverage instructions had no effect upon the magnitude of the response to
stress. Consumption of alcohol as compared to the tonic had a significant, apparent

* attenuating effect on cardiovascular measures. It was followed by a smaller HR

increase and a smaller decrease in ear-PTT. Alcohol did not have a significant
attenuating affect upon SCL induced by the specific stressors.
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Sher and Levenson (1982) reported two experiments in which the same ex-
perimental paradigm was employed as in Levenson et al. (1980), with the addition
of a personality risk factor. In the first study subjects were categorized on the
basis of high and low scores on the MacAndrew (MAC) alcoholism scale because
of its success in differentiating between college men who in later years entered
treatment for alcobolism as compared to a cohort who presumably did not (Hoff-
mann et al., 1974). MAC scores interacted with the relationship between alcohol
and physiological responses to stressors. There was a significant attenuation of
the response to siress under the influence of alcohol in the high- but not the low-
risk men as measured by HR and ear-PTT. There was no SRD effect in low-risk
men.

A second experiment used MAC scores in combination with scores from
Gough’s (1960) Socialization (So) Scale, which has repeatedly been found to
correlate with alcohol and drug uwse (e.g., Maltzman and Schweiger, 1991). Sub-
jects were categorized as high and low risk on the basis of their scores on each
test separately and in combination. As in the previous experiments, alcohol af-
fected responsivity of some of the physiological measures in the precountdown
phase. Personality measures did not interact with alcohol during this phase, Al-
cohol had a significant attenuating effect on peak responses to stressors in low
So (high-risk) men and in high-risk men with corresponding combined MAC and
So scores, but not with high-risk MAC subjects alone. Results with MAC scores
did not replicate the apparent attenuating effect of stress obtained in the first
experiment. Unfortunately, the correlation between MAC and So scores was not
reported nor were their means and SDs,

The lack of reported mean So scores and SDs is not a trivial point because of
the anomalous results obtained with low So subjects. Fairly extensive research on
the psychophysiology of sociopathy bhas indicated rather consistently that
sociopaths—and low So scores have been used as a criterion of sociopathy —are
less responsive in SCR but more responsive in HR to noxious stimuli and the
threat of noxious stimuli in a countdown procedure (e.g., Hare, 1978). Physiolog-
ical results obtained by Levenson et al. (1980) in low So subjects in the absence
of alcohol are not readily reconciled with the independent body of research on
sociopathy in the absence of additional information concerning personality scores.

Levenson et al. (1987) conducted another experiment investigating risk factors
and SRD with several useful innovations. Both women and mern participated in
each of the groups, and personality, as assessed by MAC and So scores, and
familial history risk factors were examined along with a low-risk group. Evidence
for both factors attenuating the stressor was reported. There was no additivity of
familial and personality risk factors when they did occur.

Sher and Walitzer (1986), in a modified countdown procedure using social
anxiety as a stressor, employed a moderate and a high dose of alcohol. Personality
risk factors based upon MAC and So scores were again employed, as well as a
third personality factor, the HK/MBD scale of self-reports of symptoms of hy-
peractivity before the age of 13 (Tarter et al., 1977). No SRD effects on HR could
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be attributed to personality factors, so the study failed to confirm previous findings
by Sher and Levenson (1982) and by Levenson et al. (1987). However, Sher and
Walitzer reported an SRD effect as a function of moderate and high doses of
alcohol. They found this effect after adjusting HR during the precountdown and
during the stress interaction for prestress base levels. They concluded that the
attenuating effect of alcohol must be the consequence of alcohol reducing centrally
mediated anxiety, rather than a consequence of the law of initial values (LIV). A
difficulty with their interpretation is that using the prestress base level as a co-
vatiate is satisfactory for the immediately following precountdown phase, but not
for the stressor phase, which is initiated from the levels of the immediately pre-
ceding precountdown phase.

Evidence for an SRD effect of alcohol seems to have been obtained repeatedly
for cardiovascular measures but not for SCL. Findings of this sort are susceptible
to an interpretation in terms of the law of initial values (LIV; Lacey, 1956; Stern
et al., 1980; Wilder, 1967). This ‘‘law’®’ refers to the relationship between the size
of a phasic response and the tonic level from which it arises (Wilder, 1967).
Characteristically, although not always, the relationship is a negative one. The
higher the tonic level of activity, the smaller the size of the phasic response arising
from that level. In some cases it may even reverse in direction. It is generally
agreed that the physiological basis for LIV is negative feedback, which tends to
maintain a homeostasis of batance between the sympathetic and parasympathetic
ANS (Lacey, 1956; Stern et al., 1980). Presence of the law is most apparent in
measures of HR and respiration. It is not apparent in skin temperature, which is
complexly determined nor in electrodermal activity measured in terms of skin
conductance. The latter is relatively independent of tonic level and may even show
a slight positive feedback, with higher tonic levels resulting in larger phasic SCRs
(Hord et al., 1964). Several different factors may contribute to the LIV effect,
which is part of the general problem of how to measure change. Several different
interpretations and methods of dealing with the problem have been proposed
(Berntson et al., 1994; Jamieson, 1994; Jamieson and Howk, 1992; Jin, 1992).
Jamieson (1994), employing computer simulations, concludes that using change
scores, difference scores, or repeated measures analyses, which are all different
forms of the same procedure, is superior to regression analyses, such as analysis
of covariance, when there is a significant correlation with a third variable; for
example familial risk. Regardless of the method used, regression or difference
scores, the problem remains of choosing from where to measure the change. The
implication of LIV as a physiological phenomenon and not simply a psychometric
one is that the base level score should be the point of initiation of the target
Tesponse.

If appropriate adjustments for preresponse levels were made and SRD eifects
were obtained, two problems would still remain: (1) why no dampening effect is

~ obtained with SCL, which is not affected by the LIV (Hord et al., 1964) and is

not somatically coupled (Roberts and Young, 1971); and (2) is the attenuating
effect limited to respomses to stress or does it occur to stimuli that cannot be
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reasonably considered stressors? If the latter is the case, then the hypothesis that
alcohol is a stress dampener per se is undermined.

An experiment by Finn, Zeitouni, and Pihl (1930) employed a control condition
lacking in the previously described SRD studies: presentation of an innocuous
tone in a simple habituation situation. It was the third in a series of experiments
(Finn and Pihl, 1987, 1988) designed to increase the homogeneity of subgroups
of men at risk. In addition to the countdown procedure for electric shock with
avoidable as well as unavoidable shock, all subjects received ten presentations of
an innocuous tone that they were instructed to ignore. Only SC resuits were
recorded for this task.

Under no alcohol the SCR-OR to the first tone was significantly larger in the

FH+ than FH— group, with correspondingly slower habituation in the former.
There was a significant difference in the response to alcohol, with a larger dec-
rement in the SCR-OR in the FH+ than FH— groups to the first tone and an
increased rate of habituation. These changes cannot be considered stress damp-
ening because the tones were innocuous. However, the differential change in ha-
bituation may also be considered a form of the LIV (Germana, 1968). Examination
of the results indicate a basement effect in operation for the FH— group. They
were less responsive than FH+ under no alcohol. Ingestion of the relatively large
dose of alcohol had an inhibitory effect but since the FH— group already habit-
uated quickly under no alcohol, there was little room to increase its rate of ha-
bituation. In contrast, the FH+ group was considerably more responsive under no
alcohol and therefore had room to show an accelerated rate of habituation under
alcohol. The only unambiguous result obtained with SCR-OR to innocuous tones
was the demonstration that FH+ men were significanily more responsive to in-
nocuous tones than FHH— men under no alcohol conditions, a result contrary to
BIS theory (Gray, 1975).

The apparent effect of alcohol on SCR to innocuous tones suggests that the
corresponding effect obtained with electric shock siressors likewise cannot be
considered SRD, in this case resulting in greater tension reduction in FH+ than
FH— subjects. It is important to note that ne significant effects were obtained for
SC in the shock stressor phase of the experiment in accord with the results re-
peatedly reported by Levenson and his colleagues. Significant groups X drink
effects were obtained for HR, digital block volume (DV), and muscle tension in
the stressor phase of the experiment.

If these studies claiming to demonstrate SRD on cardiovascular responses turn
out to be manifestations of LIV or other mediating variables, such as somatic
activity, as we believe they are, it does not follow that alcohol and stressor effects
do not interact. There is extensive evidence from a variety of measures other than
peripheral ANS indices that indicates that stressors may moderate the effects of
alcohol and vice versa (Brick and Poherecky, 1983; Frankenhouser et al., 1974;
Myrsten, 1977; Pohorecky, 1990, 1991; Wallgren and Barry, 1970).

Sayette (1993a) reviewed an extensive series of studies of the effects of alcohol
upon stress in social drinkers and suggests that there 15 a primacy effect present
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such that there tends to be a greater SRD effect when alcohol is presented before
the stressor than after. He offers a cognitively oriented interpretation of this pri-
macy effect—alcohol interferes with the cognitive appraisal of the stressor,
thereby indirectly reducing the amount of stress. Given the inconsistency among
response measures employed in these studies and the many negative results re-
gardless of the order of stressor and alcohol, there is little consistently obtained
evidence of siress response dampening that is likely to support any specific kind
of theory, particularly one that relies upon poorly specified cognitive constructs.
It is unlikely that an effective theory can be established before consistent reliable
evidence of effects are obtained, and the methodological shortcomings and lack
of consistent findings with various measures of stress and stress reduction are
elucidated. Furthermore, all stress response dampening theories faii to come to
grips with animal research demonstrating that stress induces alcohol consumption
and not that alcohol reduces stress (Casey, 1960; Volpicelli et al., 1986).

A review of the HR results found in many of the SRD studies leads Sayette
(1993b) to the conclusion that inconsistent resuits and differences in HR results
as a function of primacy or order of stress and alcohol may be a consequence of
LIV. We agree. It may well be that order could come out of the current disorder
if multiple measures of somatic activity were employed when HR reactivity is
used as a dependent variable. Extcnsive research indicates that there is close
cardiac-somatic coupling. Changes in HR are closely related to changes in somatic
activity (Elliott, 1974; Obrist et al., 1974; Roberts and Young, 1971; Roberts et
al., 1974). SCR, which ordinarily does not show an SRD effect, is relatively
insensitive to LIV and independent of somatic activity {(Roberts and Young, 1971;
Roberts et al., 1974).

We question the importance Sayette (1993b) attaches to results purporting to
demonstrate an antagonistic placebo response (e.g., Newlin, 1985a, b, 1986, 1987,
1989a). There is no independent measure or delineation of the specific response
that purportedly is interfering with the CR to alcohol. An oddball SCR experiment
by Lyvers and Maltzman {1991a) employed a placebo group, given tonic and told
it was alcohol, which should have produced an antagonistic placebo response.
That is, this placebo group should have displayed decreased responsivity, it should
have shown smaller SCRs than subjects given tonic and informed that it was
tonic. Such was not the case. These two groups did not differ. Lyvers and Maltz-
man (1991a) also employed a no-beverage control group, which is needed in order
to begin to adequately interpret results taken as indicating an antagonistic placebo
response in such studies. They employed a control for the mere ingestion of a
beverage. The no-beverage control group gave significantly more spontaneous
SCRs than the group given tonic and told it was alcohol—the group that should
have manifested an antagonistic placebo response—and the group given tonic and
told it was tonic. The no-beverage group did not differ from the group given

* alcohol. Alcohol ingestion maintained the level of spontaneous responses; it re-

tarded habituation as compared to subjects given tonic. A similar effect was ob-
tained with the initial SC-OR to a tone. Why consuming an innocuous beverage
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would result physiologically in decreased SCR responsivity is unclear. It may be
related to the drinking of a fairly large amount of tonic water, which some subjects
report produces discomfort. Whether a similar effect would obtain with HR reac-
tivity is unknown and needs to be investigated (Sher et al., 1994).

Conclusion

In this chapter we have been able to sample only some of the problems that have
been investigated in connection with alcohol, alcoholism, and the ANS. Such a
selection is arbitrary, and the classifications of problems employed, including the
ANS, are conventions constructed largely for convenience. It must always be
remembered that *‘there is one nervous system . . . not two, not three. We speak
of specific centers as ‘one function’ centers, but we do recognize that this is an
artefact of our focus and methodology. The somatic and autonomic systems are
controlled simultaneously from interacting components of one brain and cord”
(Brooks, 1983, pp. 202—-203).

We tend to forget in our need to simplify and bring a study within maneageable
limits that we select out only one or two physiological measures from a sea of
continuous change. Variables tend to become further disembodied and abstract as
they enter into theoretical formulations. There has been an unfortunate trend in
some areas of experimental research to resort to cognitive conceptions that are
far removed from their physiological and behavioral referrants and are inherently
ambiguous. Reification of such concepts is no substitute for critical theory and
thinking about biobehavioral problems of import as they relate to alcohol, alco-
holism, and the autonomic nervous system.

Claude Bernard (1957), the founder of modern physiology and experimental
medicine, called research attention to the internal environment and the theory of
its constancy. Qur area of concern is an intimate part of both disciplines and more.
Its approach to science could profit much by emulating Bernard. We must rec-
ognize in our research and theory that there is a continuous interaction between
the internal and external environments. Nowhere is this more apparent than in
drug taking, including alcohol consumption. Constancy of the internal environ-
ment is maintained by a dialectical relationship with the external environment,
social as well as physical.

The potential of our research area can be best realized by utilizing modern
experimental and statistical techniques not available to Bernard in order to ap-
proach a fundamental understanding of alcohol, alcoholism, and the ANS. But we
must,

remember that the one unchangeable scientific principle, in medicine as well as in
the other experimental sciences, is the absolute determinism of phenomena . . . When
search for the causes determining phenomena is once posited as the fundamental
principle of the experimental method, materialism, spiritualism, inert matter and living
matter cease to exist; only phenomena are left, whose conditions we must determine,
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ie., the conditions which play the part of immediate cause. Scientific determinism

~ ceases here; there are only words beyond, which are of course necessary but which
may delude us if we are not constantly on guard against the traps which our minds
perpetually set for themselves (Bernard, 1957, p. 219).
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