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Background: Alcohol misuse is more common in persons with a family history of alcoholism
(FH1) than in those with no such history (FH�). Among FH1, behavioral disinhibition and male
sex seem to signal the presence of an increased risk.

Methods: This study examined cognitive and behavioral characteristics of 175 nonabusing 18- to
30-year-olds, 87 FH1 and 88 FH� , who were further characterized by their degree of behavioral
disinhibition using the Sociability scale of the California Personality Inventory. Working memory
and decision making were tested using the Stroop Color-Word Test and the Iowa Gambling Task, a
simulated card game.

Results: Persons with a family history of alcoholism who were behaviorally disinhibited displayed
significantly greater interference on the Stroop task than the other subgroups. On the Iowa Gambling
Task, FH1 males, but not the females, were significantly more attentive to financial gains than other
subgroups, and they had greater consistency in their choice behaviors.

Conclusions: Persons with a family history of alcoholism, in combination with behavioral disin-
hibition, appears to signal working memory deficits and in combination with male sex indicates an
attraction to the rewarding aspects of a risk-taking challenge. These findings are not secondary to
heavy exposure to alcohol or other drugs, but instead reflect intrinsic risk-related familial and per-
sonal characteristics of the subjects.
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PERSONS WITH A family history of alcoholism
(FH1) have an increased lifetime risk of 4.5 or greater

of developing alcoholism relative to the general population
(Finn et al., 1990; Lieb et al., 2002; Merikangas et al.,

1998). The behavioral and psychological characteristics
that distinguish FH1 persons from those with no such
history (FH� ) are not well understood. The Oklahoma
Family Health Patterns Project is a study of nonabusing
FH1, who are free of detrimental effects of heavy alcohol
intake. Our premise is that familial risk for alcoholism
should be reflected in altered functioning of brain motiva-
tional systems and that these alterations can be detectable
in the behavioral and psychological characteristics of the
FH1 group.
We were guided in this formulation by the influential

studies of Robert Cloninger (1987) who postulated the
presence of disorders of appetitive mechanisms in persons
at high risk for alcoholism. Other guidance came from the
work of Kenneth Sher, who identified in FH1 young
adults a pattern of behavioral disinhibition, or undercon-
trol, including a tendency toward sensation seeking,
impulsivity and aggressiveness, and antisocial behaviors
(Sher, 1991; Sher and Trull, 1994). In a similar fashion,
Peter Finn has shown that FH1 are high in excitement
seeking and display antisocial behaviors, with the latter
including poor norm adherence, risk taking, and low harm
avoidance (Finn et al., 1990). These formulations all con-
verge on departures from normative regulation of affect in
the FH1 person, with an attraction for hedonically
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pleasurable experiences and a willingness to violate norms
of conduct. As Cloninger observed, these alterations map
onto regulation of behavior by dopaminergic and perhaps
serotonergic projections to the limbic system and prefron-
tal cortex. This article presents tests of working memory
and risky decision making that depend on these same brain
regions. We compare performance of the FH groups and
discuss implications for brain mechanisms that underlie
risk for alcoholism.
Working memory encompasses short-term storage of

information and the executive processes that govern
conscious manipulation of that information (focusing
attention, managing tasks, and updating contents of the
temporary store) (Smith and Jonides, 1999). Lesion,
neuroimaging, and cellular recording studies of primates
and humans have indicated a central role for the dorsolat-
eral regions of the prefrontal cortex in performance of
working memory tasks (Andres, 2003; Levy and Gold-
man-Rakic, 2000; Owen, 1997; Smith and Jonides, 1998).
Working memory deficiencies have been implicated in
studies of alcoholism and its associated risk factors (Finn
et al., 2002; Tapert et al., 2001, 2002). Alcoholics and non-
alcoholic FH1 have impairments of set formation and
response shifting on the Wisconsin Card Sorting Test
(Alterman et al., 1987; Corral et al., 2003), a task that taps
frontal executive processes. The Stroop Color-Word Test
is an ideal challenge to the executive processes of working
memory because it requires attention to the correct char-
acteristic of the stimulus and response conflict resolution
at each item (Demakis, 2004; Kane and Engle, 2003).
Neuroimaging during the Stroop and other response conflict
tasks shows activation in the anterior cingulate gyrus
(Barch et al., 2001; Soeda et al., 2005). Stroop perfor-
mance may depend in part on dopaminergic circuits, as the
interference effect is diminished by a dopamine agonist
(Roesch-Ely et al., 2005). Stroop performance is impaired
in persons with prefrontal cortex damage (Wildgruber
et al., 2000), attention deficit-hyperactivity disorder (Rap-
port et al., 2001), alcoholism in remission (Tedstone and
Coyle, 2004), and a FH1 of alcoholism (Silveri et al.,
2004). More generally, FH1 adolescents display attentio-
nal and neurocognitive deficits, and the degree of attention
deficit is predictive of substance use disorders over 8 years
of follow-up (Tapert et al., 2002).
We also tested the subjects on a gambling simulation

developed to study decision-making biases in patients with
damage to the ventromedial prefrontal cortex (Bechara
et al., 1997). The player chooses from 4 decks of cards that
yield different levels of payoff and loss, making the task
sensitive to a player’s attraction to monetary gains or aver-
sion to losses. In contrast to the Stroop task, which is a
relatively pure challenge to attention and executive proc-
esses, the gambling task engages affective biases that
develop as the subject gains experience with the card
decks. Play is impaired in persons that have a breakdown
in a postulated emotion-based learning system (Bechara

et al., 1994; Damasio et al., 1990). Patients with bilateral
damage to the medial prefrontal cortex are particularly
poor at avoiding losses in this game (Bechara et al., 1994),
even when they can describe the relative payoffs and losses
among the 4 decks. Patients with bilateral amygdala dam-
age are even more impaired (Bechara et al., 1999).
Some workers have implicated faulty decision-making

processes as targets of study in risk for addiction, on the
theory that risk-prone decision making may dispose the
person to make poor choices about alcohol consumption
in social situations (Adinoff et al., 2003; Bechara, 2003).
Reports show poor performance on the Iowa Gambling
Task by abstinent heroin addicts (Bechara and Damasio,
2002; Bechara et al., 2002) and young adults with early-
onset alcoholism and antisocial personality disorder
(Mazas et al., 2000). Some of these substance abusers were
unimpaired, others were overly sensitive to rewards, and
still others devalued future gains and losses (Bechara et al.,
2002). Because this is a complex task with 4 card decks
having payoffs that vary or may vary over time, overall
wins and losses may not be the most sensitive index of the
behavioral components characterizing a subject’s play
(Busemeyer and Stout, 2002; Yechiam et al., 2005).
In evaluating the gambling behavior of FH groups, the

present article uses a cognitive model, called the Expectancy
Valence model (Busemeyer and Stout, 2002), to examine
the player’s attention to losses and sensitivity to gains.
Studies using this model have shown that chronic cocaine
(Stout et al., 2005) and marijuana abusers (Yechiam et al.,
2005) display high attention to gains on the task. However,
college-age alcohol abusers (Finn et al., submitted for
publication) and polydrug abusers (Yechiam et al., 2005)
showed no significant increases in attention to gains.
The cited studies indicate altered motivation and risky

decision making in persons with a significant history of
exposure to alcohol and illicit drugs, but they are not clear
on whether such results reflect a predisposition to abuse or
if they are a consequence of exposure. Given the high
comorbidity of substance use disorders and antisocial per-
sonality disorder (Langbehn et al., 2003), we presumed
that FH1 who have antisocial tendencies would be at
especially high risk for future drinking and drug use prob-
lems. Accordingly, we examined the data from both tasks
including FH grouping alone and in relation to scores on
the Sociability (So) scale of the California Personality
Inventory (Gough, 1969). We predicted that a family
history of alcoholism and antisocial behavior would pre-
dict poorer performance on both tasks.

METHODS

Subjects

This sample included 175 healthy young adults, averaging 23.5
years of age, recruited by advertisement and personal referral from
the Oklahoma City community and local colleges and technical
schools (Table 1). To achieve a diverse sample, ads were placed in a
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variety of community newspapers appealing to a range of demo-
graphic groups, as well as on the exteriors of city buses. We also used
a television news spot, personal referrals, and posters in public
places. Subjects and parents signed a consent form approved by the
Institutional Review Board of the University of Oklahoma Health
Sciences Center and the VA Medical Center and were paid for their
participation.

Recruitment and Screening

Persons calling to inquire about the project were asked if they were
aware of their parents’ and grandparents’ drinking patterns and
potential drinking problems. If they answered in the affirmative and
were 18 to 30 years of age and indicated no history of severe abuse or
dependence, they were told about the study and invited to the lab for
a full screening. Among subjects undergoing screening in the lab,
62% were excluded for 3 primary reasons: (1) insufficient parent or
family information or the family did not meet FH criteria (e.g. alco-
holism in a grandparent but not in a parent); (2) the subject met
criteria for an alcohol or substance use disorder; or (3) the subject
had a current depression or anxiety disorder or required psychotropic
medication.

Family History of Alcoholism and Other Drug Problems

Family history of alcoholism status was established by the Family
History Research Diagnostic Criteria (FH-RDC) (Andreasen et al.,
1977), a structured interview with an interrater reliability of .95 for
reports of substance use disorders (Andreasen et al., 1977; Mann
et al., 1985; Zimmerman et al., 1988). Persons were considered FH1

if either biological parent met at least 2 of a possible 6 criteria for
alcohol or substance abuse. Subjects were excluded if they or the
parent reported possible fetal exposure to alcohol or other drugs.
Persons without a family history of alcoholism were those reporting
an absence of alcohol or substance use disorders in their biological
parents and grandparents. Parent interviews were successfully con-
ducted for 80% of the subjects reported here, and the parent
confirmed the subjects’ FH reports in 88% of these interviews. Of
the 12% of interviews yielding conflicting parent reports, one-third
of the subjects could be retained in the sample by reassigning
their FH status, while the remaining two-thirds had to be dropped

because of the interviewer’s judgment of an unreliable parent report,
lack of information about the grandparents, or other sources of un-
reliability. Therefore, 92% of the interviewed subsample could be
considered accurately classified, the remainder having been discard-
ed. Among the 20% of the sample without parent interviews, we in-
fer that 88% are accurately classified. Together with the retained
group with parent interviews, this yields an estimated correct classi-
fication rate of 91% of all subjects included in this report, a figure
consistent with other reliability estimates (Schuckit et al., 1995).
Among the 87 FH1 subjects, 39 families (44.5%) had a history of
only alcohol use disorders, another 39 families (44.5%) had both al-
cohol and other substance use disorders, and the remaining 9 (10%)
had a history only of other substance use disorders.

Physical and Mental Health, Alcohol and Drug Use, and Personality
Assessments

Physical health was assessed through a structured medical history
and by self-report of current good health. Socioeconomic status
(SES) was measured using updated occupational categories on the
Hollingshead and Redlich scale (Hollingshead, 1975) and was based
on the primary occupation of the main breadwinner in the household
in which the subject grew up. Intelligence and lack of cerebral
impairment were estimated from the vocabulary score on the
Shipley Institute of Living Scale (John and Rattan, 1992).

Alcoholism-related personality characteristics were assessed using
the Tridimensional Personality Questionnaire (TPQ) (Cloninger,
1987). Behavioral undercontrol was assessed as in earlier studies of
healthy, college-age FH1 (Adinoff and Risher-Flowers, 1991; Finn
et al., 1990). Socialization tendencies were measured by the Sociabil-
ity scale of the California Personality Inventory (CPI-So) (Gough,
1994), which is reliable for assessing antisocial behavior in alcoholic
patients (Cooney et al., 1990). Psychiatric history was obtained by
the Diagnostic Interview Schedule-IV (DIS-IV) conducted by a cer-
tified research assistant and through the Beck Depression Inventory
II (Beck et al., 1996). Mood regulation was assessed using the Neu-
roticism scale from the Eysenck Personality Inventory (EPI)
(Eysenck and Eysenck, 1964), and current depression was assessed
by the Beck Depression Inventory (BDI) (Beck et al., 1996).

Table 1. Sample Characteristics

Sociability group

Family history

p ValuesNegative Positive

High Low High Low All Neg/high vs pos/low

N (M/F) 68 (28/40) 20 (15/5) 43 (11/32) 44 (20/24)
Age (year) 23 (4) 23 (0.8) 24 (0.5) 24 (0.5)
Education (year) 16 (0.3) 16 (0.5) 16 (0.3) 14 (0.3) 0.006 0.005
SES 49 (1.6) 49 (2.8) 43 (2.1) 43 (2.0) 0.054 0.16
Shipley vocabulary 30 (0.5) 30 (0.9) 30 (0.6) 28 (0.6) 0.098 0.11
BDI 3.5 (0.5) 5.6 (0.1) 4.7 (0.7) 7.3 (0.7) 0.0003 0.0001
EPI—Neuroticism 5.3 (0.5) 5.4 (1.0) 6.5 (0.6) 7.3 (0.6) 0.09 0.09
AUDIT 2.8 (0.3) 2.8 (0.6) 3.5 (0.4) 3.3 (0.4)
Cahalan (oz/mo) 40 (4) 35 (8) 48 (5) 46 (5)
Caffeine (mg/d) 126 (19) 110 (31) 102 (16) 160 (28)
Tobacco (% using weekly) 9 19 17 21
Drug use (n) 0 1 1 8
Failed drug screen n (%) 0 (0%) 2 (10%) 1 (2%) 7 (16%)

Entries (M, SE) unless given otherwise. SES, Hollingshead & Redlich Socioeconomic Status score. Higher scores reflect higher SES. All scores
shown are considered ‘‘Middle Class.’’ Shipley, Shipley Institute of Living vocabulary score. BDI, Beck Depression Inventory. EPI, Eysenck Personality
Inventory. AUDIT, Alcohol Use Disorders Identification Test. Caffeine, structured interview, all sources. Drug use, number of subjects in a group who
reported the most frequent use of one or more of 11 categories of abused or psychoactive drugs other than alcohol. Drug Screen entries reflect the
number of subjects (% of the respective group) who failed a urine drug screen given on days of testing.
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Alcohol and drug use were assessed through the Cahalan Drink-
ing Habits Questionnaire (Cahalan et al., 1969), the Alcohol Use
Disorders Identification Test (AUDIT) (Babor et al., 1992), and
a Drug Use Questionnaire modeled on the Cahalan instrument
(Cognitive Studies Laboratory, 1994). Caffeine intake and smoking
were assessed by questionnaires.

TESTING PROTOCOL

The main study involved 2 days of laboratory testing
including psychophysiological testing and behavioral
measures (Collins et al., submitted for publication;
Sorocco et al., 2006). Both sessions were held at the same
time of day for a given subject. The tasks reported here
were always given on Day 2.

Tasks

The Stroop Color-Word Test used here was developed
by Dodrill (Salinsky et al., 2002). It consists of 176 repeti-
tions of the color words ‘‘red, orange, green, and blue,’’
each one printed in a discrepant ink color (e.g., the word
‘‘red’’ printed in blue ink) and laid out in 16 lines of 11
words each. The subject reads the list aloud 2 times. On the
first reading, he or she reads the printed words while the
time is recorded to the nearest second. On the second read-
ing, the subject recites the ink colors, and that time is
recorded. The interference score is the difference between
the time to read the ink colors and the time to read the
words. The interference arises from a prepotent tendency
to read the words rather than the ink colors, making per-
formance dependent on the subject’s ability to resolve the
response conflict on each recitation of the ink colors
during the second reading (Stroop, 1935).
The Iowa Gambling Task (Bechara et al., 1997, 2001) is

a simulated card game presented on a computer display.
The subject sees 4 decks of cards face down on the screen,
and on each of the 100 plays he or she turns face up the top
card on any of the deck. After each play the subject is
informed of the amount of money won on that trial along
with the amount of loss. The net difference determines the
winnings for that play. In this version of the game, the
decks were stacked to provide a balance of wins to losses
that changed as play progressed. Decks A and B, initially
yield large gains ($100 per play) with few losses, although
after 20 plays from each of those decks, the losses become
larger, so that consistent play from these ‘‘bad’’ decks
results in a net loss for the game. In the ‘‘good’’ decks, C
and D, the initial losses are larger than the gains, but on
later plays, the wins increase relative to the losses, so that
consistent play from these decks results in net winnings for
the game. The player cannot predict when a given deck will
yield a gain or a penalty and does not know how many
plays he or she will have. The only adequate strategy is to
respond according to the long-run payoffs from each deck.
To enhance the realism and motivation value of the game,

the subjects are told they will be paid 1 cent US for each
dollar shown on the screen at the end.

Scoring and Analysis

Performance on the Iowa Gambling Task was scored in
terms of the final dollar value of the subject’s bank, and
this value was analyzed using the same ANOVA model as
for the Stroop interference scores. In addition, trial-by-
trial performance was examined to estimate parameters
characterizing the subject’s decision-making style using
the Expectancy Valence model (Busemeyer and Stout,
2002; Yechiam et al., 2005). The model produces 3 meas-
ures: (1) Relative attention to gains and losses (W), which
denotes the weighting of gains compared with losses at each
decision point; (2) relative weighting to recent and past out-
comes (f), which denotes the weighting given to the
recent trials compared with past trials; and (3) choice con-
sistency (c), which measures the degree of random guessing.
The 3 measures are based on the following rationales:
(a)Relative weighting to gains and losses: After seeing the

outcome of a play, the subject is presumed to experience an
affective reaction, called a valence, to the consequences
produced by the deck chosen on that trial. The valence of
the payoffs experienced on trial t is denoted v(t), and it is
calculated as a weighted average of the gains (Win) and
losses (Loss) experienced in trial t. An attention weight
parameter W determines the weight of gains and losses.
The parameter denotes the motivational difference in
attention distribution. For example, drug abusers may
persist in choosing from disadvantageous decks because
they are overly sensitive to the large gains produced by
these decks. Such sensitivity to gains is indicated by high
attention gain weight. Formally:

vðtÞ ¼WwinðtÞ � ð1�WÞlossðtÞ; ð1Þ
where if W is larger than 0.5, then the weight to gains is
larger than losses, and if W is smaller than 0.5, then the
weight of losses is larger than gains. Finally, a parameter
value of .5 indicates that gains and losses impact the deci-
sion equally.
(b) Relative weighting to recent and past outcomes: Per-

formers are assumed to form expectancies for each deck
that represent the anticipated consequences of choosing
a card from that deck. When a deck is chosen, the expect-
ancy Ej for deck j is updated as a function of past
experience , as well as on the basis of newly experienced
payoffs. The second parameter of the model f denotes the
relative weight of recent payoffs compared with payoffs
from the more distant past, as follows:

EjðtÞ ¼ Ejðt� 1Þ þ f½vðtÞ � Ejðt� 1Þ�: ð2Þ
The parameter f is limited from 0 to 1. Small parameter
values produce more persistent influences across longer
lags and less discounting of past outcomes. Large values of
f produce rapid discounting of past outcomes. For
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example, some drugs such as cannabis impair working
memory (see Bolla et al., 2002) and produce a tendency to
rapidly discount past outcomes, including past losses from
disadvantageous decks (Yechiam et al., 2005). This is a
second potential contributor to the tendency to choose
disadvantageously in the task.
(c) Choice consistency: According to the model, the

probability of choosing decks 1 to k is determined by
strength of that deck relative to the sum of the strengths of
all decks:

Pr½GjðtÞ� ¼
eyðtÞ�EjðtÞ
P

k

eyðtÞ�EkðtÞ
: ð3Þ

The variable y(t) controls the consistency between choices
and the expectancies, and it is assumed to change with
experience. Consistency is assumed to increase with task
repetition, reflecting greater reliance on one’s expectancies
for making successive choices. This is formalized by a power
function for the sensitivity change over trials, y(t)5

(t/10)c, where c is the response sensitivity parameter. When
the value of c is high, choices converge toward the deck with
the maximum expectancy. For example, some subjects may
fail to select a high proportion of advantageous cards
because they respond unreliably to their own expectations,
and their choices include more random guesses, an effect
that would lead to lower values on the consistency para-
meter. This erratic choice pattern is a third reason for
performers not to learn to choose from advantageous decks.
The parameters of the model were optimized separately

for each individual performer by maximizing the likeli-
hood of the observed sequence of 100 choices produced by
an individual. Optimization is a process wherein the fit of
the model (in log likelihood) is compared with the fit of a
baseline model. The baseline model prediction is based on
the optimized choice proportion of the different decks.
Accordingly, the baseline model has 3 parameters denot-
ing the average choice proportions of decks A, B, and C
(deck D’s is calculated accordingly). The improvement in
the fit of the learning model over the baseline model is
measured by the G2 index (5 2�log likelihood difference
between the models), a model fit statistic analogous to the
chi-square (see Busemeyer and Wang, 2000). Positive
values of the G2 statistic indicate that a cognitive model
performs better than the baseline model, while negative
values indicate the reverse.
It is therefore possible to examine trial-by-trial Iowa

Gambling Task data to calculate the extent to which a
subject was attentive to amounts lost or if they were rela-
tively sensitive to gains (Busemeyer and Stout, 2002).
Preliminary exploration of the present data set indicated
that none of the parameters derived from the Expectancy
Valencemodel varied as a function of Sociability, and so the
final analysis of variance model included only sex and FH.

DATA ANALYSIS

All summary statistics are given as mean � standard
error of the mean. The FH groups were compared for
demographic variables, psychological status, and drug and
alcohol use by 2-tailed Student’s t tests and w2, and perfor-
mance data were analyzed by analyses of variance
(ANOVA) all performed using SAS (SAS System for Win-
dows, version 8.2, SAS Institute, Cary, NC).
In preliminary analyses, we noted that the FH1 were

markedly lower than FH� on the CPI-So scale
(28.5 � 0.59 vs. 32.8 � 0.49, t5 5.67, po0.0001). Based
on our formulation that some FH1 would be at high risk
because of behavioral disinhibition, we used an a priori
cutpoint of 30 to divide each FH group into high and low
So groups, as shown in Table 1. The cutoff score of 30 has
strong empirical validation. Scores � 30 characterize
groups that are more norm-abiding, such as research sci-
entists (32.0) and nursing students (31.5), whereas scores
o30 often are seen in more deviant groups, such as infre-
quent and frequent marijuana smokers (26.3 and 28.7),
shoplifters (27.9), and children of less—and more—severe
alcoholics (27.4 and 25.1). Still lower scores are seen in
alcoholics (22.8 and 23.8) and pathological gamblers (21.3)
(Gough, 1994). Accordingly, So group classification was
included as a categorical variable in subsequent analyses.
The Stroop interference data and final winnings on the

Iowa Gambling Task were subjected to 2 Sex�2 FH�2 So
group ANOVAs that included main effects and their
interaction terms. Results were examined as univariate
and multivariate ANOVAs.
The trial-by-trial data from the Iowa Gambling Task

data were analyzed to calculate the extent to which a sub-
ject was attentive to amounts lost and how sensitive they
were to gains along with their choice consistency (Busem-
eyer and Stout, 2002). Preliminary exploration of the data
indicated that none of the parameters varied as a function
of sociability scores, and so the final analysis of variance
model included only sex and FH.

RESULTS

The characteristics of the FH and So groups are shown
in Table 1. Subjects in both FH groups were comparable in
age, socioeconomic status, and estimated intelligence (all
p’s40.05). At the time of testing, the FH1 had achieved
about 1 less year of education than the FH� (15 � 0.3 vs
16 � 0.4 years, po0.01), despite being about a year older
(24 � 0.5 vs 23 � 0.5 years, NS). The FH1 had higher
scores on the Beck Depression Inventory (6.0 � 0.7 vs
4.0 � 0.45, po0.001) although both groups scored within
the normal range. The FH groups did not differ in
ounces per month of alcohol intake, in signs of alcohol
abuse as reflected in AUDIT scores, or in recreational
drug use (data not shown). The high-risk subgroup
appears more willing to use drugs other than alcohol, as
indicated in the frequency of reports of having experi-
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mented with 1 or more of 11 classes of illicit or prescribed
psychoactive drugs. The high-risk group also was more
likely to fail the urine drug screen on test days. In FH1

persons, behavioral undercontrol, as represented in low
scores on the CPI So scale, carries over into lower educa-
tional achievement, poorer mood regulation, and risky
substance use patterns.

The Stroop Color Word Test

The Stroop interference scores are shown in Fig. 1.
Three male subjects were colorblind and did not complete
the test, and so the ANOVA included 172 subjects. As the
figure suggests, the FH groups and the So groups differed
in Stroop interference effects to approximately equal
degrees, with FH� having less interference than the
FH1 (96 � 4.5 and 103 � 3.8 seconds, respectively,
F(1, 164) 5 3.99, po0.05) and high So subjects having less
interference than low So subjects (94 � 3.4 and 105 � 4.8
seconds, respectively F(1, 164) 5 3.96, po0.05). There was
no main effect of sex, and there were no interactions.
Because the FH groups differed in their So scores, we con-
sidered it desirable to test the model using multivariate
sums of squares. In this case, the FH� were not signifi-
cantly different from the FH1(F(1, 164) 5 0.62, NS).
However, the high So group again showed lower inter-
ference scores than the low So group (F(1, 164) 5 4.50,
p5 0.035). There were no interactions involving any of
the factors. The apparent difference in Stroop interference
between the FH groups appears to be accounted for by the
low So scores in the FH1 group.
Based on our hypothesis that risk for alcoholism

depends on behavioral disinhibition in relation to family
history, we considered FH� , high So subjects to form a

low-risk reference group, and we compared them with
each of the other 3 groups using 1-tailed Student’s t tests
with Dunnet’s correction for multiple comparisons. The
high-risk group (FH1, low So) had a significantly
higher Stroop interference score than the low-risk group
(109 � 5.3 vs 90 � 4.2 seconds, t5 2.81, p5 .008). The
other comparisons were not significant (p’s � 28).

Iowa Gambling Task

We used the Sex � FH � So ANOVA model to analyze
the percentage of choices each subject made from the dis-
advantageous decks (A and B) as well as their final bank
totals. The results showed no significant main effects or
interactions. These groups of healthy subjects all achieved
similar final outcomes regardless of FH or So score.
We then determined whether modeling could usefully

identify group differences in trial-to-trial behavior. The fit
of the total Expectancy-Valence model was relatively high,
with a mean of 10.65, significantly above value of 0 spec-
ified by the null hypothesis (t5 6.92, po.0001). We next
examined the parameter estimates for attention to gains
and choice consistency, shown respectively in Figs. 2 and 3.
The ANOVA on attention to gains yielded a significant
Sex�FH interaction (F(1, 171) 5 4.85, po.029). Inspection
of Fig. 2 indicates that the FH1 men had a high parameter
value, indicating greater attention to monetary gains in
making their choices, whereas the FH� men were less
attentive to gains, taking losses into account in a more bal-
anced fashion. The women in both FH groups were more
similar in attention to gains, although in this case, FH1

women were slightly but not significantly less attentive to
gains then the FH� women. This result for FH1 men
suggests that monetary gains provide a dominant focus for

Fam Hx/CPI So
FH–/HiSo FH+/HiSo FH–/LoSo FH+/LoSo

(sec)

80

90

100

110

115
Stroop Interference

68 42 19 43

Low
Risk

High
Risk

Low vs. High Risk
t = 2.81, p = .008

Fig. 1. Interference scores from the Stroop Color-Word Test. Bars show
multivariate corrected means � standard errors. Group sizes are shown in
the bars.

FH–/M FH+/M FH–/F FH+/F

Attention to Gains

0.40

0.44

0.48

0.52

0.56

0.60
Iowa Gambling Task

FamHx x Sex
F = 4.85 p = .029

43 31 45 56

Fig. 2. Gambling task parameter estimates for attention to gains. Bars
show means � standard errors. Group sizes are shown in the bars.
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their performance. The choice consistency parameter
showed a similar interaction that just missed the criterion
of statistical significance (F (1, 171) 5 3.50, p5 0.063). The
pattern of results (Fig. 3) shows the FH1males were the
most choice-consistent in their play and the FH� men
the least. Again, women showed an intermediate and
opposing pattern.
We questioned whether the FH1 males’ tendency to

make consistent choices might have offset potentially det-
rimental effects associated with a high attention to gains,
resulting in their having winnings similar to the FH� men.
We therefore asked if the subjects who were high in choice
consistency tended to make advantageous choices (plays
from safe decks C and D vs. risky decks A and B). We
calculated Spearman’s correlation coefficients between
these values for each group, as shown in Fig. 4. The FH1

males had the largest association between choice consist-
ency and plays from the safer decks. We then addressed
this question more thoroughly by carrying out a multiple
regression analysis using the 3 model parameters to predict
disadvantageous choices in the sample as a whole. The
recency parameter did not contribute to the prediction and
was dropped from the analysis. The final model was highly
significant. The percentage of choices made from disad-
vantageous decks5 0.469� .017�Choice Consistency1

.086�Attention to Gains, F (1, 173) 5 13.1, po0.001,
r5 0.37. The partial rs for the individual parameters were:
Choice Consistency partial r5� 0.28, t5 4.83, po0.01;
and Attention to Gains: partial r5 0.24, t5 3.32, po.05.
The direction of these associations indicates that attention
to gains was associated with a tendency toward disadvan-
tageous plays while choice consistency was negatively
associated with this behavior. The FH1 males in this sam-
ple therefore were attentive to monetary gains, but they
had other behavioral tendencies that moderated that influ-

ence. The result is that their net winnings were equivalent
to the other groups’, although they showed a distinctive
pattern of influences in their choice behavior.
The TPQ assesses personality characteristics that might

also vary in relation to risk taking, attraction to gains, and
stability of performance on the Gambling task. We exam-
ined Pearson correlations between the Expectancy Valence
Model and the main scales and subscales on the TPQ and
found some corroboration for the relationship between
personality and choice behavior. In the FH1 group, low
fatigability (high vigor) was associated with high choice
consistency on the Gambling Task, r(87) 5�0.267,
po0.05. It appears that FH1 who are easily fatigued are
more likely to choose erratically on the task, while the
FH� did not appear susceptible to this effect of fatigabil-
ity. Among females, regardless of FH status, disorderliness
(low regimentation) was associated with high attention to
gains, r(100) 5� 0.274, po0.01. Those women who were
high in the trait of persistence were also likely to be high
in recency, r(100) 5 0.244, po0.05, suggesting sustained
responsiveness to recent events even with the accumula-
tion of payoff information. These correlations indicate a
degree of correspondence between self-reported behavior
tendencies on the TPQ and the subjects’ behavioral char-
acteristics observed during the Gambling task.
We then used Pearson’s r to address whether the ten-

dency to have a high Stroop interference score might also
be reflected in performance parameters on the Gambling
Task. The results showed no significant correlations
between Stroop interference scores and any of the 3 model
parameters. Moreover, the model parameters were not
associated with So scores and they did not interact with
So in their association with FH. The So scores and their

FH–/M FH+/M FH–/F FH+/F

Choice Consistency

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4
Iowa Gambling Task

FamHx x Sex
F = 3.50 p = .063

43 31 45 56

Fig. 3. Gambling task parameter estimates for choice consistency. Bars
show means � standard errors. Group sizes are shown in the bars.

FH–/M FH+/M FH–/F FH+/F

Spearman Correlations

0.0

0.2

0.4

0.6

0.7
Iowa Gambling Task

.025

.001

NS

.05

43 31 45 56

Fig. 4. Spearman’s correlations between the numerical value of the choice
consistency parameter and the number of plays from the advantageous decks
in the gambling task, calculated for each group. Entries above the bars are p
values of the respective Spearman’s correlation. Group sizes are shown in the
bars.
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relationship to working memory appear to be independent
of the relationship between family history and gambling
choice behavior.

DISCUSSION

The present results are of interest in characterizing cog-
nitive processes and choice behaviors in FH1 young
adults who are at presumed high risk for alcoholism. These
persons were selected exclusively on their family history
status and were screened to be free of psychiatric disorders
and current abuse of alcohol or other substances. It is
therefore noteworthy that the FH1 were then found to be
low on behavioral undercontrol, having low scores on the
CPI-So scale. In dividing the FH groups at the cutpoint of
30, we then found the suspected high-risk group (FH1,
low So) to be lower in educational achievement in light of
their slightly greater age. This group also had a modestly
lower SES, indicating lower achievement in the heads of
their childhood households. The high-risk subjects had
poorer regulation of affect, indicated by their higher BDI
and EPI scores, and they were more likely to experiment
with psychoactive substances other than alcohol. This pat-
tern of findings substantiates the potential influence of
behavioral undercontrol in FH1 and sets a background
for understanding the higher Stroop interference scores
seen in the high-risk subjects.
The incongruent response condition of the Stroop test

challenges the person to maintain attention to the relevant
stimulus cue, to resolve response conflict, and to select
responses based on the low-dominance cue on each trial
(Kane and Engle, 2003). Performance on the Stroop task
is impaired in persons with alcoholism, attention-deficit
hyperactivity disorder, and neurological conditions asso-
ciated with altered prefrontal function (Dao-Castellana
et al., 1998; Duka et al., 2003; Rapport et al., 2001;
Tedstone and Coyle, 2004). Poor functioning on tests of
attention and executive function predicts future substance
abuse (Tapert et al., 2002). Our results suggest that both a
FH in combination with antisocial tendencies is related to
a reduced ability to maintain attention and resolve
response conflict to perform well on the Stroop test. The
multivariate results showed that the apparent difference in
Stroop performance between FH groups was attributable
to differences in sociability scores. Offspring of alcoholics
show a similar pattern of disinhibitory tendencies that
account for much of the difference between FH groups.
Twin-adoption data indicate that antisocial personality
disorder tends to be inherited together with a tendency
toward alcohol and drug abuse (Langbehn et al., 1998).
Chassin and colleagues show that over 50% of the vari-
ance between FH groups is mediated by measures of
behavioral undercontrol, which in turn predicts alcohol
and drug use (King and Chassin, 2004). It is noteworthy
that only about half of the present FH1group scored in
the antisocial range of the So scale (o30). This is consist-

ent with the idea that not all FH1will have inherited
equally great levels of risk. The relative scarcity of persons
with low-So scores in the FH� group (20%) suggests that
the underlying tendencies toward behavioral undercontrol
are less likely to be manifest in persons lacking a family
history of alcoholism. Behavioral undercontrol therefore
appears to predict lower levels of functioning in several
domains including mood regulation, working memory, ed-
ucational achievement, and experimentation with drugs.
Data from the Iowa Gambling Task offer a complimen-

tary perspective on how FH groups differ in processes
governing behavioral choice. We observed a high attention
to gains during the Gambling task among the FH1 males,
but there was no effect of antisocial tendencies on this
behavior. While the gender difference was not predicted, it
is consistent with findings that suggest males have a greater
liability for alcoholism than do females. Twin adoption
studies show that sons of alcoholic parents are more likely
to become alcoholics then are their daughters (Cloninger
et al., 1981), as supported by a recent meta-analysis,
although the sex differences in risk were not large (Wal-
ters, 2002). We are unaware of other studies on FH1 that
tested subjects on both the Gambling task and the Stroop,
and so it is not possible to directly compare the present
data with other work. Theories of choice behavior in drug
abusers indicate that signals of immediate reward may
carry larger motivational weight than signals of potential
punishments, suggesting stronger appetitive processes and
weaker inhibitory mechanisms (see reviews in Finn et al.,
2002; Gorenstein and Newman, 1980). Moreover, recent
findings indicate that a high attention to rewards is more
characteristic of male drug abusers than female abusers.
First, male smokers report using tobacco in relation to
stronger social and enhancement motives, whereas adoles-
cent females report stronger expectations of weight and
anxiety reduction (Chassin et al., 2004). Secondly, male,
college-age drug abusers performed worse than male
controls on the Gambling task, while female abusers
performed significantly better than the control women,
while tests of the Expectancy Valence model showed an
increased sensitivity to rewards for the male drug abusers
but not for females (Stout et al., 2005). The present beha-
vioral effects were seen in healthy young adults who were
free of prolonged, heavy use of alcohol or drugs. The
groups were also equivalent in estimated intelligence.
These considerations suggest that sensitivity to rewards
may represent inherited differences in brain function
underlying a tendency to value positive and rewarding
cues and that this may be part of a behavioral spectrum of
risk for alcohol abuse in sons, but not daughters, of alco-
holic parents.
While a family history of alcoholism played a role in

accounting for performance differences on both of the
present tasks, somewhat different variables predicted per-
formance on each one. This may be consistent with the fact
that the tasks call on different cognitive abilities that are
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used differently in each case. This raises the question of the
tasks having dissociable brain mechanisms serving their
cognitive requirements. A consideration of brain regions
shows a pattern of overlapping, but distinguishable,
functional specializations. Work on the Stroop task is
accompanied by activation in the dorsal anterior cingulate
gyrus (Brodmann’s area 32) (Taylor et al., 1994), an area
active when a subject is forced to choose between compet-
ing response alternatives (Barch et al., 2001). The
Gambling task was designed to tap decision-making bias-
es and the attraction of early gains from the disadvanta-
geous decks in patients with damage to the ventromedial
prefrontal cortex. These patients typically perform poorly
on the Gambling task, even in the absence of working
memory deficits (Bechara et al., 1998).
The ventromedial prefrontal cortex is continuous with

the ventral extent of the anterior cingulate gyrus, and it
also receives inputs from the amygdala. Some writers have
therefore described the ventromedial prefrontal cortex,
along with the orbitofrontal cortex, as a brain region
where the reward value of stimulus inputs may be proc-
essed as part of a cognitive stream of information arriving
from more dorsal and parietal regions of the cerebral cor-
tex (Damasio, 1994; LaBar et al., 2003; Rolls, 2000). A
meta-analysis of the human functional neuroimaging liter-
ature suggests that cognitive functions that include
monitoring of unfavorable outcomes, detecting errors,
resolving response conflict, and overcoming decision
uncertainty all elicit overlapping regions of activation in
the anterior cingulate gyrus (Brodmann’s area 32) (Rid-
derinkhof et al., 2004). The Stroop task and the Gambling
task both call on the processes of decision making, moni-
toring outcomes, and subsequent behavioral adjustments.
The functional imaging data and lesion data relating to the
medial prefrontal cortex would suggest that anterior
cingulate areas are more heavily involved in Stroop con-
flict while this same region would also be involved in the
Gambling task, but also engaging the ventromedial pre-
frontal cortex in the affective weighting of the decks, a
process that is absent in the Stroop task. This functional
differentiation within a broad network of medial prefron-
tal areas presumes that the 2 tasks have overlapping, but
distinguishable task requirements served by related brain
regions.
Neuromaging studies of healthy FH1 are called for to

examine functional activation in the amygdala, ventrome-
dial prefrontal cortex, and anterior cingulate gyrus in
relation to decision making and performance under
motivational demands. The importance of the anterior cingu-
late cortex during work on the Stroop test, and the poorer
performance of our high-risk group, implicates subopti-
mal functioning of this brain region in relation to risk for
future alcohol problems. This line of reasoning suggests
that the behavioral disinhibition in this high-risk group
may have a basis in deficient integration of functions
dependent on the prefrontal cortex. Support comes from

a finding that low working memory capacity predicts
problem drinking in young adults with signs of behavioral
disinhibition (Finn et al., 2002). Studies of recently
abstinent alcohol-dependent women also show reduced
frontal activation during tests of attention and working
memory (Tapert et al., 2001). Studies of this sort on non-
abusing FH1 would aid in distinguishing risk factors from
consequences of abuse.
These findings may have implications for substance

abuse treatment. First these findings highlight certain risk
factors, in particular behavioral undercontrol, that appear
to predict lower levels of functioning in several domains
including mood regulation, working memory, educational
achievement, and experimentation with drugs. In addition,
male gender is a risk factor among individuals with a pos-
itive family history to have a higher attention in gains in
situations that might not warrant this attention. There-
fore, treatments could focus on improving these areas of
functioning for individuals meeting these risk criteria.
These risk factors might also be used to predict treatment
response and relapse potential, allowing clinicians to
design their treatment plans accordingly. Second,
although the tasks used here differ in many respects, they
both depend on decision-making processes. To the extent
that alterations in decision making are characteristic of
persons at risk for alcoholism, prevention and treatment
strategies could focus on improving decision-making skills
in affected individuals. Third, these data highlight the fact
that FH1 individuals comprise a heterogeneous group in
which severity of risk will vary as a function of such char-
acteristics as sociability. This suggests that persons with a
family history of alcoholism may possess more or less
severe individual patterns of risk factors, suggesting that
risk for future substance use disorders is not uniformly
high across this group. The data presented here indicate
that behavioral undercontrol tendencies captured in low
scores on the Sociability scale are predictive of altered
choice behaviors. The subject sample was found to have
very little history of childhood conduct disorder and few
present symptoms of antisocial personality disorder.
Accordingly, the findings presented here have little to say
about core antisocial characteristics relating to these diag-
nostic categories.
Young adults who have a family history of alcoholism

demonstrated a pattern of poor working memory perfor-
mance, on the Stroop test, and the males displayed high
affective and attentional responses to monetary rewards in
a gambling simulation. The Stroop deficits in the alcoholic
offspring are present only in those displaying the disinhib-
itory trait of low sociability. The attention to gains in the
gambling task was seen only in male offspring and not in
females, with no contribution by differences in sociability.
In this sample, a family history of alcoholism in conjunc-
tion with behavioral disinhibition is associated with
moderate impairments in mood regulation, lower educa-
tional achievement, and potentially risky experimentation
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with psychoactive substances. The differences between
risk groups do not appear to be secondary to prolonged
heavy drinking or drug abuse. These findings point to
impairments in response conflict resolution and biases in
decision making as potentially important cognitive-affec-
tive alterations that distinguish persons at high risk for
alcoholism.
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