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A research program studying individuals genetically at high risk for alcoholism is
presented. Multigenerational nonprobiem-drinking sons of male alcoholics display a
pattern of autonomic hyperreactivity to a variety of stimuli. This pattern of reactivity
is significantly dampened by high doses of alcohol. These individuals aiso display
difficulty on cognitive tests suggestive of prefrontal lobe dysflinction. This response
pattern is not characteristic of controls nor of daughters of multigenerational maie
alcoholics. A model is presented that hypothesizes a cognitive disturbance underlying

the hyperreactivity and posits a problem in

and threatening events.

Alcoholism is a pervasive and pernicious dis-
order. Five to 10% of adults abuse or are depen-
dent upon alcohol (Kamerow, Pincus, & Mc-
Donald, 1986). The physical, social, and
economic consequences of alcoholism are so se-
vere that, by comparison, detrimental effects of
illegal substance abuse pale to relative insignif-
icance. Three very notable facts are that alcohol
abuse and its effects pose the third most preva-
lent health problem in North America after heart
disease and cancer, are responsible for approxi-
mately one third of general hospital admissions,
and are the primary cause of emergency room
admissions (Adrian, 1984; Harwood, Napoli-
tano, & Kristiannsen, 1984). Given the death,
mayhem, and economic loss these facts repre-
sent, one might assume that the etiology of the
problem would be well delineated and that dem-
onstrated effective treatments would be avail-
able. Unfortunately, one would err in forming
both assumptions. It has been estimated (Na-
than, 1987) that less than $% of alcoholics are
ever treated. If roughly 50% of those treated re-
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the attribution of meaning to novel stimuli

lapse (Miller & Hester, 1986) and if, as it has
been argued (Edwards, 1982), nontreated alco-
holics recover to the same degree as those re-
ceiving treatment, then clearly we must question
our level of understanding of the problem.

The present relative lack of understanding does
not exist because the phenomenon has been new-
ly discovered: Alcohol abuse is mentioned in the
book of Genesis and is represented in early Egyp-
tian, Babylonian, and Greek writings and draw-
ings (Austin, 1985). Responsibility for the pres-
ent condition can be attributed, in part. 10
conflicting philosophical approaches and a poor
choice of experimental procedures. One primary
viewpoint has been that alcoholism is a moral
problem. This definition implicitly defines etiol-
ogy in a circular manner and thus obviates ques-
tioning. The predominant methological problem
has been the all-too-frequent tendency o study
seasoned alcoholics and to draw post hoc infer-
ences about etiology from their behavior. This
practice can readily confuse cause with conse-
quence. In effect, one is describing the results of
the explosion without even identifying remnants
of the triggering mechanism. A review of the
personality and drug abuse literature compieted
a few years ago (Pihl & Spiers, 1978) found that
93% of studies used alcoholics in treatment as
subjects. The point made most vociferously in
that paper was that almost nothing could be said
concerning etiology from testing these subjects.
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Figure 1. A representative pedigree from which at-risk subjects are selected.

The impact of that argument was demonstrated
in a subsequent review for the years 1978-1981,
which showed that 92% of studies used alcohol-
ics in treatment as subjects. In spite of this dra-
matic progress, what remains called for in order
to make meaningful statements concerning etiol-
ogy are at-risk and longitudinal methodologies.

There are numerous groups at risk for prob-
lems with alcohol. These include males between
the ages of 18 and 24, depressive-psychopathic
personality types, individuals with high stress
levels. persons in vulnerable occupations, ado-
lescents with histories of drug abuse, acting out,

and/or expectancies of enhancement of social be-
havior, individuals from alcohol-abusing fami-
lies, and males from families with a mulugen-
erational history of abuse. It is this last group
that encompasses the subject population upon
which the following experimental results are
predicated. This population was selected for study
because of various adoption, family, twin, and
experimental studies (reviewed in Pihl, Peterson,
& Finn, in press) that suggest these individuals
are characterized by a four- to ninefold increased
risk. Figure 1 presents a pedigree of a typical
family we study. In the one study (Finn & Pihl,
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1987) in Which we tabulated incidence, 75% of
males in the pedigree were diagnosable as alco-
holic either directly using DSM III criteria or
indirectly using Family History Research Diag-
nostic Criteria for unavailable family members.
(Endicott, Andreasen, & Spitzer, 1975). Typi-
cally our experimental subjects are males with a
MAST of 6 or less and are between the ages of
18 and 30. Thus all are clearly not problem
drinkers but possess a high genetic likelihood for
the disorder.

Reactivity and Dampening

We have now tested the reactivity of 143 sub-
jects: 64 at high risk and 79 controis. They have
been tested while sober and after the consump-
tion of various dosages of alcohol. One control
group we have utilized is a “‘moderate-risk™ group
in which individuals have an alcoholic father and
the concomitant family stresses but do not have
the muitigenerational history. This attempt at an
environmental control is notable in that, in one
study on an emotionality factor from self-rating
scales, the moderate-risk group was more emo-
tional than was the high-risk group (Finn & Pihl,
1987). The typical paradigm we use involves the
presentation of a tone that initiates a countdown
from 10 to I, which is then followed by an electric
shock of 1.85 mA for 0.25 s to the forearm of
the subject. Various psychophysiological and
subjective response measures are taken. Al-
though subjective measures have generally pro-
duced very few differences, the psychophysiolog-
ical responses have been illuminating and
consistent.

Figure 2 presents heart rate data for high-,
moderate-, and low-risk (no family history of
alcoholism) groups. What can be observed is a
striking pattern of hyperreactivity when sober,
which is dramatically dampened when high-risk
subjects are intoxicated with a dose of 1.32 mL/
kg of 95% USP alcohol. Both control groups, in
comparison, demonstrate little reactivity when
sober and more reactivity when intoxicated. This
pattern has emerged during three studies (Finn
& Pihl, 1988, 1989; Finn, Zeitouni, & Pihi, in
press). We have also tested daughters of multi-
generational male alcoholics within the para-
digm and have determined that they do not re-
spond like their brothers on the hean-rate

measure. Neither daughters nor controls display
reactivity, but both dampen when intoxicated.

Alcoholics are known to be hypersensitive to
pain (Coopersmith & Woodrow. 1967). It there-
fore appears possible that the reactivity seen in
our at-risk subjects represents a similar sensitiv-
ity. In an attempt to test this hypothesis, we com-
pared high- and low-risk men, unexperienced with
the shock experiments, to nonaversive tones,
which they were told to ignore. Figure 3 illus-
trates that the GSR of sober high-risk subjects
was of a shorter latency, greater amplitude. and
took longer to habituate when compared to con-
trols. The opposite pattern occurred when these
subjects were drunk (1.00 mL/kg). Consequently,
we have concluded that the pattern of hyper-
reactivity and dampening seen in at-risk subjects
does not simply represent hypersensitivity to
pain.

We have also completed a dose response study
(Stewart, Finn, & Pihl, 1989), which indicates
that dampening occurs to intoxicating dosages of
1.32 mL/kg and 1.00 mL/kg, less so to a dose of
0.75 mL/kg, and not at all to a dose of 0.50 mL/
kg and a placebo dose. This fact is noteworthy
in that many if not most acute alcohol studies in
North America utilize insignificant dosages.

Other Electrophysiological and
Behavioral Characteristics of
High-Risk Males

We have reviewed the characteristics of sons
of male alcoholics in detail elsewhere (Pihl et al.,
in press). Findings that support the notion that
hyperreactivity and an atypical response to al-
cohol characterize high-risk males come from the
evoked potential-EEG literature, studies of stim-
ulus augmentation, and studies demonstrating
that hyperactivity and conduct disorder are com-
mon to such individuals. Briefly, high-risk males
display attenuated ERPs when voluntary active
attention is required, manifest excess high-fre-
quency beta activity and poorly synchronized
EEGs, and are characterized by stimulus aug-
mentation (thought to be a form of perceptual
hyperreactivity). In addition, as children, these
individuals are often described as conduct dis-
ordered/antisocial, and/or as hyperactive and/or
impuisive. This conclusion is derived regardiess
of varying methodologies and measures.
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Figure 2. Mean change in heart rate in beats per minute (BPM) from resting baseline for at-risk and control

groups under both no-alcohol and alcohol conditions.

Cognitive Characteristics

We tested high-risk and control subjects on a
battery of cognitive tests and, in keeping with
some 17 other studies (reviewed in Pihl et al., in
press), found a rather distinctive pattern of re-
sults. At-risk subjects, sober and intoxicated,
produced more errors on neuropsychological tests
putatively thought to test frontal lobe function-
ing. Once again daughters of multigenerational
male alcoholics did not show this pattern or, in
fact, any differential pattern when compared with
control subjects. In at-risk males, correlations
between test scores and previously assessed reac-
tivity and dampening were dramatic. For ex-
ampie, scores on the Self-Ordered Pointing Test
(Petrides & Milner, 1982), which requires the

ability to organize material and on which pre-
frontally damaged patients consistently manifest
deficits, correlated .62 with heart-rate reactivity
and .71 with dampening. Scores on the Wiscon-
sin Card Sort Test (Grant & Berg, 1948) which
is sensitive 10 perseveration, correlated .69 with
reactivity and .54 with dampening.

An Heuristic Model

Figure 4 contains aspects of a model that fo-
cuses on the hyperreactivity and dampening dis-
played by high-risk individuals. The model is
based on the assumption that dampening is neg-
atively reinforcing. Thus, any drug use or be-
havior pattern that reduces this response, will,
we believe, increase in frequency. Clearly, choice
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Figure 3. Skin conductance response to 1 kHz tones showing mean amplitude (top), hatf-recovery time (middle),
and habituation rate (bottom) for multigenerational (MFH) and family history negative (FH-) subjects for both
no-alcohol and alcohol conditions.
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Figure4. A schematic model of the predisposition to alcoholism in multigeneration high-risk males.

of drug or behavior will depend on availability,
sanction, and a surfeit of experiences. Equally
susceptible to chance variation and other cir-
cumstances is the likelihood of developing prob-
lematic behavior patterns, such as conduct dis-
order, hyperactivity, and others. The model posits
that these forms of behavior in high-risk males
are consequences of the same process responsible
for the hyperreactivity and are thus frequently
associated with drug abuse. The term “impaired
behavioral regulation” is offered as a description
of this common response pattern. Previously
presented evidence and additional studies re-
viewed below suggest two not necessanily mu-
tually exclusive explanations. The first expla-
nation posits a disturbance in central serotonin
function; the second a neuropsychological dys-
function that affects the processing of internal
and external events.

Serotonin dysfunction. Direct evidence sug-
gesting a biochemical dysfunction in high-risk
individuals is scant and/or difficuit to interpret.
Previous reviews (Tarter, Alterman, & Edwards,
1985; Tarter, Hegedus, Goldstein, Sheily, & Al-
terman, 1984) have proposed the presence ofa
neurochemical dysfunction based primarily on
evidence suggesting lower platelet monoamine
oxidase (MAO) in family history positive subjects.
These data are problematic in that the relation-
ship between platelet MAO activity and central
nervous system MAO activity or genetic factors
is unclear. Although many neurochemical sys-

tems are undoubtedly involved in the predis-
position to alcoholism (Cloninger. 1987) the evi-
dence is nonetheless strongest in support of the
notion of a functional deficit of serotonin (3-HT)
activity in multigenerational high-risk males. In
support of this hypothesis, we draw on biochem-
ical evidence obtained from studies of factors
such as stimulus augmenting, increased pain sen-
sitivity, and behavioral disinhibition, all char-
acteristic of our subjects. Stimulus augmenting,
which is also partially under genetic control
(Buchsbaum, 1974), appears 1o be related to a
functional deficiency in central 5-HT activity (von
Knorring & Perris, 1981). For example, treat-
ment with Zimelidine, a specific 5-HT reuptake
inhibitor, results in a shift from augmenting to
reducing in chronic pain patients (von Knorring
& Johansson, 1980) and in healthy volunteers
(von Knorring, 1982). CSF samples taken con-
currently with the Zimelidine treatment indicat-
ed a concomitant reduction in 5-HIAA levels (a
5.HT metabolite) with no change in dopamine
or norepinephrine metabolite levels. Deficiencies
in 5-HT functioning have also been linked to
increased pain sensitivity. This effect has been
noted by lowering brain 5-HT in rats pharma-
cologically (Harvey & Yager, 1972; Telner. Le-
pore, & Guillemot, 1979), surgically (Tenen,
1967), and via dietary manipulation (Kantak,
Hegstrand, Whitman, & Eicheiman, 1980; Mess-
ing, Fisher, Phebus, & Lytle, 1976). In one study
with humans (Johansson & von Knomng, 1979),
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- Zimelidine was found to be more effective in
reducing the pain of chronic pain patients than
placebo. In another, significantly higher pain tol-
crance levels were induced by the administration
of tryptophan (Seltzer, Stoch, Marcus, & Jack-
son, 1982), the 5-HT precursor.

Additional supportive evidence can be derived
from the literature on personality and biochem-
istry. High-risk males are frequently described
as impulsive or as behaviorally disinhibited. An
increased incidence of disinhibited-aggressive
behaviors is correlated with low CSF 5-HIAA,
suggesting a functional deficiency in central sero-
tonergic activity (G. L. Brown, Ballenger, Mini-
chiello, & Goodwin, 1979; G. L. Brown, Good-
win, Ballenger, Goyer, & Major, 1979; G. L.
Brown et al., 1982). Ballenger, Goodwin, Major,
and Brown (1979) found that CSF levels of
5-HIAA were significantly lower in alcoholics
abstinent for at least 4 weeks than such levels in
controls and in alcoholics in the immediate post-
intoxication phase. Low CSF S-HIAA has been
associated with other indicators of disinhibitory
psychopathology such as increased monotony
avoidance, impulsivity, and psychoticism
(Schalling, Asberg, & Edman, 1985). In addition,
tryptophan-depieted humans and monkeys have
been shown to be more reactive to provoking
stimuli and to display mood variations (Young,
Pihl, & Ervin, 1986).

One final indirect area of evidence comes from
animal self-selection of alcohol studies. The P
strain rats are predisposed to drink alcohol to
intoxication on a daily basis under conditions of
free choice, 10 work for alcohol, to consume al-
cohol for its postingestion effects, and 10 develop
alcohol tolerance. These animals are aiso char-
acterized by low levels of central serotonergic

activity (Li, Lumeng, McBride, Waller, & Mur-

phy, 1986; Murphy, McBride, Gatto, Lumeng,
& Li, 1988; Murphy, McBride, Lumeng, & Li,
1982, 1987) as are other strains of alcohol-pre-
ferring rats (Daoust et al., 1985; Zhukov, Var-
kov, & Burov, 1985). Recent evidence also sug-
gests that alcohol consumption per se may
increase central functional serotonergic activity
in rats (Hyatt & Tyce, 1985; Kuriyama, Kan-
mori, & Yoneda, {984; McBride, Murphy, Lu-
meng, & Li, 1986; Murphy et al., 1988). Al-
though few similar studies have been carried out
on human subjects, significant positive correla-
tion between CSF 5-HIAA and blood alcohol

levels in alcoholics, suggesting that alcohol con-
sumption produces an increase in human sero-
tonergic activity, has been found (Borg, Kvande,
Liljeberg, & Valverius, 1985). In addition, treat-
ment with serotonin reuptake inhibitors, such as
Zimelidine and Citalopram, significantly de-
creases the voluntary ethanol intake of rats (Amit,
Sutherland, Gill, & Ogren, 1984; Naranjo, Sell-
ers, & Lawrin, 1986) and of heavy-drinking hu-
mans (Naranjo et al., 1984, 1986, 1987).

Neuropsychological Dysfunctions

Studies of high-risk males have consistently
demonstrated abnormalities in their ability to
use language and to control their behavior, to
modulate their level of arousal and maintain at-
tention and to engage in complex goal-specific
activities. Deficits in perceptual-motor capacity
and memory have been identified with some-
what less regularity (Pihl et al., in press). The
maintenance of these abilities may be dependent
primarily on the function of an integrated cor-
tical unit that includes the limbic system and the
structures connected with it—the mediobasal di-
vision of the prefrontal cortex (Brodmann's Area
9, 10, 11, and 46, in particular) and the hypo-
thalamus. A detailed description of the function
of this area and its relevance to the control of
behavior can be found in Luria (1980). Luria has
noted that these prefrontal areas are phyloge-
netically among the most recent parts of the brain,
possess a fine, relatively undifferentiated struc-
ture, and are particularly vulnerable to functional
disruption. These prefrontal sites can be distin-
guished from other areas of the brain by certain
peculiarities in their function. They attain a con-
siderable level of development only in the pri-
mates, and some of their sections can be consid-
ered as specifically human (Luria, 1980; Nauta,
1971). Their manner of performance is environ-
mentally determined; whether or not they can
perform may be genetically determined (Luria,
1980). They are integrally involved in control of
the speech system and in the regulation of acti-
vation processes that are under the complete or
partial control of that system. Finally, they syn-
thesize information about the outside and the
inside worid and provide the means whereby be-
havior is regulated in conformity with its con-
sequences.
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Impairments in these prefrontal subsystems
disinhibit activity in certain phylogenetically an-
cient structures, including those commonly de-
scribed as limbic, and may consequently lead to
discernible autonomic hyperreactivity, mediated
hypothalamically. Gray’s (1982) description of
the “‘behavioral inhibition system™ is particu-
larly instructive in this regard. Gray defines this
system, a priori, as susceptible to the actions of
the antianxiety drugs (barbiturates, benzodiaze-
pines, and aicohol). Its functions, which are to
respond to secondary punishing, secondary re-
warding, innate fear stimuli, and to novelty, are
subsumed primarily by the septal-hippocampai
structures. These structures theeretically com-
pare actuality with expectancy. As long as ac-
tuality and expectancy coincide, the behavioral
inhibition system merely monitors activity; but
when the unexpected occurs, it takes control. In
animals, this control takes the form of behavioral
inhibition, increased levels of attention, and an
increment in arousal, and is theoretically asso-
ciated with the animal equivalent of anxiety. This
state of subcortical dominance does not cease
until valid plans are substituted for those that
led to the unexpected sequence of events. In an-
imals, these new plans are drawn primarily from
the animal’s repertoire of learned and instinctual
behavior. In human beings, the case is similar,
but more complex. It is likely that the prefrontal
lobes play an increasing role in the operation of
this system at the higher phylogenetic levels. For
example, patients with extensive prefrontal le-
sions have difficulty in modulating their emo-
tional responses, may alternate rapidly between
mood states characterized by facetiousness and
boasting, apathy and indifference, and may dem-
onstrate bursts of anger (Eslinger & Damasio,
1985).

These observations are particularly relevant to
the topic at hand given that individuals at high
risk for the development of alcoholism have con-
sistently demonstrated assumed impairments in
prefrontal function. The ability to plan and
maintain complex forms of behavior and to in-
hibit irrelevant associations seems to be depen-
" dent on the intact functioning of the prefrontal
cortex (Luria, 1980). This is true in the short
term, when task demands are temporarily lim-
ited and new short-lived behavioral schemata
must be designed. or when new combinations of
old schemata must be implemented (Walsh,

1978). It is equally true in the long term (Da-
masio, 1985). Although adults with mild verified
prefrontal lesions do not generally demonstrate
deficiencies in measured intelligence and do not
lose their knowledge of social skills, the effect of
a genetically mediated childhood prefrontal dys-
function on the learning and implementation of
social rules has not been explored. Disruptions
in such learning could account for the inability
of hyperactive and conduct-disordered individ-
uals and children at high risk for the develop-
ment of alcoholism to regulate their behavior in
accordance with social norms, and may account
for various descriptions of the personality of those
individuals: highly active and disinhibited. witn
a tendency towards risk-taking and antisocial be-
havior. Animals without a frontal cortex mani-
fest disturbances in orienting and investigative
behavior, particularly in the form of increased
reactivity to novelty (Luria, 1980).

The role of the prefrontal cortex in man de-
serves more explicit consideration. given the dra-
matic behavioral consequences of disruption in
its activity. We propose that the neuropsycholog-
ical dysfunction in the prefrontal cortex of those
males with an extensive family history of alco-
holism impairs their ability to place potentially
relevant stimuli into a meaningful context. This
impairment leads to heightened autonomic and
limbic reactivity to a variety of events within
their field of experience. This dysfunction is like-
ly mediated genetically, and the susceptibility to
alcoholism that accompanies it is incidental to
the sequence of ontogenetic development that
underlies the neuropsychological impairment it-
self. Figure 5 diagrammatically presents this view.

We suggest that information can be classified
according to its motivational significance along
two dimensions (knowledge and relevance) and
in four categories (known and unknown irrele-
vant. and known and unknown relevant). Known
irrelevant stimuli provide information catego-
rized previously as meaningless. These are events
that have previously been habituated to and in-
tegrated into a system of meaning, and that nei-
ther provide nor signal reward or punishment of
any kind. They have little motivational signifi-
cance. Unknown irrelevant stimuli provide in-
formation that can be immediately classified as
meaningless because they fall within the bounds
of generalization (in that they are either per-
ceived as identical to known irrelevant stimuli
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man, & Williamson, 1983). The process under-
lying its manifestation is initiated only whenever
the stimuli presented to the individual as *“mo-
tivationally significant” (Begleiter, Porjesz, Chou,
& Aunon, 1983). The amplitude of the P300
component is low in anhedonic individuals (Si-
mons, 1982) and in those with aberrant levels of
motivation (Porjesz, Begleiter, & Samuelly, 1980;
Roth, Pfefferbaum, Horvath, Berger, & Koppell,
1980). Finally, unexpected or uncertain events
elicit large P300 amplitudes (Duncan-Johnson &
Donchin, 1977; Teuting, Sutton, & Zubin, 1971).
Increased reticular activity, which may poten-
tiate responses of the behavioral inhibition sys-
tem (Gray, 1982), has been associated with in-
creases in EEG beta activity (Caspers, 1958;
Propping, 1977), which have in turn been as-
sociated with unpleasant affective states (Kiloh
& Osselton, 1961). The fact that the reticular
activating system is quite sensitive to the inhib-
itory effects of alcohol is interesting in this regard
(Caspers, 1958; Ohega, 1962; Perrin, Hockman,
Kalant, & Livingston, 1974).

The model offered in this discussion predicts
variable cortical and/or autonomic response to
different forms of stimuli. High-risk males are
likely to demonstrate augmented response to
novel stimuli—to the unexpected—but atten-
uated response to stimuli whose recognition re-
quires directed, sustained voluntary attention.
To posit hyperreactivity to *“stress” is no longer
sufficient in terms of experimental design. In-
dividuals with various forms of autonomic and
cortical response to certain types of stimuli will
vary under very narrowly defined circumstances.
The predicted response, the nature of the stimuli,
and the circumstances under which it is to be
encountered must be specified prior to devel-
opment of any new experiments in this area and
should be considered in interpretation of pre-
vious research. The fact that the central nervous
system tends to process information garnered as
signal to noise, rather than in terms of absolute
intensity of stimulation, also must be considered.
This means that degree of environmental activity
per sc may not necessarily be the determining
factor in producing hyperreactivity; rather that
change in such activity may play the deciding
role. The fact that high-risk subjects and hyper-
active and conduct-disordered children do not
generally manifest disturbances in basal levels of
arousal offers support for this conclusion (Finn

‘& Pihl, 1987; Grings & Dawson, 1978; Hastings
& Barkley, 1978).

Alcobol consumption may dampen the effect
of arousing stimuli by interfering (directly and/
or indirectly) with the function of the hippocam-
pus and the septum, structures that are partic-
ularly sensitive to its effects. This interference
potentially relieves the anxiety associated with
overactivity in the behavioral inhibition system.
Gray's (1982) theory is buiit upon the premise
that alcohol as well as other antianxiety drugs
impair the functioning of this system, at least in
animals. Recent research carried out by Peter-
son, Rothfleisch, Zelazo, and Pihi (in press) dem-
onstrates a pronounced transient alcohol-in-
duced memory impairmeat of the type usually
associated with hippocampal damage.

The action of alcohol on the EEGs of high-risk
males (Pollock et al., 1983) reflects both positive
and negative reinforcement. The increase in slow
alpha associated with positive psychologicai states
(Kiloh & Osselton, 1961) and alcohol-induced
euphoria (Lukas, Mendelson, Benedikt. & Jones.
1986) may be positively reinforcing, and the de-
crease in high-frequency EEG energy associated
with unpleasant psychological states negatively
reinforcing. A potentially powerful negatively
reinforcing effect of alcohol in multigenerational
high-risk males is also apparent in the studies of
reactivity dampening. The fact that these sub-
jects tend to be hyperreactive may increase the
potential for such reinforcement. We have found
a correlation of .82 between reactivity and sen-
sitivity to alcohol’s reactivity dampening effect
in high-risk males. Consistent with these studies
is the significant reduction in autonomic reactiv-
ity (Coopersmith & Woodrow, 1967; Garfield &
McBrearty, 1970) and pain reactivity (R. A.
Brown & Cutter, 1977) demonstrated by alco-
holics after drinking alcohol. Alcohol consump-
tion also results in a shift from stimulus aug-
mentation to reduction in alcoholics (Buchsbaum
& Ludwig, 1978; Petrie, 1978). These results sug-
gest that aicohol consumption may be particu-
larly negatively reinforcing to alcoholics and their
sons by reducing perceptual reactivity, stimulus
augmentation, muscle tension, and ANS hyper-
reactivity. It appears that consumption of alco-
hol may be adaptive for these individuals at least
in the short term. Ludwig, Cain, and Wikler
(1977) found that alcoholics who were augmen-
ters worked harder for alcohol than those who
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were normalizers or reducers, and there is evi-
dence that cognitive functioning may also be pos-
itively affected (S. A. Brown, Creamer, & Stetson,
1987). Brown et al. also demonstrated that ad-
olescents with positive family histories for al-
coholism expect enhanced cognitive and motor
functioning from alcohol to a significantly greater
degree than alcohol-abusing adolescents without
a positive family history. Finally, at-risk indi-
viduals appear to be less sensitive to the debi-
litating short-term effects of alcohol ingestion,
including decreased subjective levels of intoxi-
cation.

The model also predicts that hyperactive and
conduct-disordered individuals who express hy-
perreactivity are at risk for alcoholism and for
the abuse of depressant drugs. Follow-up studies
in the late adolescence or early adulthood of in-
dividuals diagnosed in childhood as hyperactive
generally reflect an increased prevalence of sub-
stance abuse, antisocial behavior, and conduct
disorder that is independent of stimulant treat-
ment effects (Gittelman, Mannuzza, Shenker, &
Bonagura, 1985; Hoy, Weiss, Minde, & Cohen,
1978; Milich & Loney, 1979). One study (Blouin,
Bornstein, & Trites, 1978) and the conclusion of
a review on the topic (Kramer & Loney, 1982)
have indicated these individuals are more likely
to use alcohol. Interestingly, these individuals
are also significantly less likely to use halluci-
nogens (Weiss, Hechtman, Periman, Hopkins, &
Wener, 1979). However, such research requires
the use of psychiatric rather than normal control
groups (Thoriey, 1984) and results of studies that
employ such a strategy suggest that there may be
a general increase in the likelihood of drug and
conduct problems in many children of diagnosed
psychiatric populations (White, Barratt, &
Adams, 1979).

In all likelihood our model does not account
for the long-term effects of heavy alcohol con-
sumption, which may in fact potentiate the pat-
terns of cognitive dysfunction and psychophysio-
logical hyperreactivity that lead high-risk subjects
to use alcohol to begin with. Alcohol abuse has
a myriad of negative social and physiological
consequences. The former may add to the prob-
lems of potential alcoholics by alienating them
from personal and social systems that aid in the
maintenance of adaptive behavior, and the latter
may lead to further difficulties in the regulation
of behavior, Harper, Kril, and Daly (1987) have

provided documentation supporting a phenom-
enon previously suspected by clinicians. Their
quantitative neuropathological tests showed that
the brains of alcoholics had significantly fewer
cortical neurons in the superior frontal cortex
than did the brains of controls, although the
number of neurons in the motor cortex did not
differ significantly. Alcohol abuse may cause this
pattern of deterioration. Alternatively, this cor-
tical deficiency may precede the development of
alcoholism and may be etiologically significant.

In summary, the model proposed in this paper
seems to fit the facts, as they are presentiy known,
about the inherited predisposition to the devel-
opment of alcoholism. However, the facts them-
selves are meager in quantity and are often dif-
ficult to synthesize. Little is known in detail about
the proper function of neurochemical and neu-
rophysiological systems, or about the interrela-
tionship of these systems and their causal inter-
action with personality and temperament or with
behavior in general. In addition, there is no in-
controvertible evidence at the structural level of
analysis for the existence of neurological abnor-
malities in the high-risk population. Finally, our
statements about the relationship between pre-
frontal function and the role of cuiture in gov-
erning behavior in the individual are still con-
jectural, and the structures underlying verbal
behavior and behavioral inhibition have not been
identified with certainty. Nonetheless, the model
is plausible, is somewhat general, and deserves
to be disproved.
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