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Background: Behavioral undercontrol may contribute to risk for alcoholism in vulnerable per-
sons. We predicted that healthy young adults with a family history of alcoholism (FH+) who
also displayed externalizing behavior characteristics (low scores on the California Psychological
Inventory Sociability Scale; CPI-So) would exhibit more impulsive responding (false alarms) on a
Go-NoGo reaction time task.

Methods: Subjects were 230 healthy volunteers, 18 to 30 years of age with no history of alco-
hol or drug dependence. The task included 100 trials: 60 of ‘‘Go,’’ calling for a button press, and
40 of ‘‘NoGo,’’ or ‘‘XX,’’ calling for inhibiting a response. Data analysis involved a signal detec-
tion analysis of performance with subsequent group comparisons for rates of impulsive respond-
ing indicated by False Alarms (responses to NoGo signals).

Results: CPI-So scores were lower in FH+ than in FH– (p < .000001) indicating a greater
clustering of disinhibitory tendencies in these persons. FH, CPI-So scores, and Gender together
predicted false alarm rates, accounting for 4.9% of the variance, F = 3.89, p = 0.009. False
alarms were associated with low CPI-So scores, F = 5.15, p = 0.024, and being male, F = 6.27,
p = 0.013, but not with FH once these variables were accounted for.

Conclusions: A disinhibited temperament may underlie a behavioral impulsivity that contrib-
utes to elevated risk for future alcoholism, especially among FH+ males.

Key Words: Impulsivity, Behavioral Undercontrol, Family History of Alcoholism, Males,
Signal Detection Theory, Oklahoma Family Health Patterns Project.

T HE 12-MONTH PREVALENCE of DSM-IV alcohol
abuse and dependence in the United States was 8.46%

in 2001 to 2002, affecting approximately 17.6 million people
(Grant et al., 2004). White males, 18 to 44 years of age, was
the largest affected group, with prevalence rates approxi-
mately twice those of same-age white females (Grant et al.,
2004). Alcohol contributes to 25% of accidental deaths (Su-
tocky et al., 1993) making it desirable to identify characteris-
tics that predispose individuals toward alcohol problems.
Twin-adoption studies provide evidence of a genetic risk for
alcoholism (Cloninger et al., 1981), and a positive family his-
tory (FH+) predicts problem drinking patterns and 2 to 4

times the risk for future alcoholism (Lieb et al., 2002; Meri-
kangas et al., 1998). In order to examine premorbid factors
unconfounded by consequences of heavy drinking, we estab-
lished the Oklahoma Family Health Patterns project (OFHP),
a long-term study designed to provide a broad base of infor-
mation on psychological, behavioral, and physiological
response characteristics in healthy, young-adult, offspring of
alcoholic parents. In this paper, we examine behavioral
impulsivity as manifested by rates of false alarms in a Go-
NoGo psychomotor task.
Impulsivity and disinhibitory tendencies may be closely

associated with risk for alcoholism. Cloninger and col-
leagues have shown that FH+ children who later devel-
oped drinking problems had premorbid signs of behavioral
disinhibition, seen as low harm avoidance along with nov-
elty seeking and impulsivity (Cloninger, 1987). Likewise,
Sher and colleagues reported that healthy, FH+ college
students exhibited impulsiveness, aggressiveness, and sensa-
tion seeking, a pattern that they termed ‘‘behavioral under-
control’’ (Sher, 1991). Tarter and colleagues described
adolescent male offspring of substance abusing fathers, as
exhibiting a pattern of ‘‘neurobehavioral disinhibition’’ and
psychological dysregulation (Tarter, 2002; Tarter et al.,
1985). These terms characterize externalizing tendencies
that appear with greater frequency in FH+ than in FH–
and which could represent a core, inherited behavioral
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disposition associated with vulnerability to future alcohol-
ism (Krueger et al., 2002).
Among externalizing traits, impulsivity underlies poor

planning and unreflective, reckless, abrupt, and inappropriate
behaviors that may lead to negative outcomes (Finn et al.,
1999). Temperament characteristics of subjects in the OFHP
cohort suggest a differential clustering of externalizing tenden-
cies in FH+ persons; the FH+ have scored consistently
lower than the FH– on the Sociability Scale of the California
Psychological Inventory (CPI-So) (Gough, 1994). Low scores
on this scale (<30) suggest a tendency toward norm viola-
tion, impulsive decision-making, and lack of guilt for social
offenses. In the present sample, 46% of FH+ subjects score
<30 versus only 19% of the FH– do so, a differential propor-
tion of nearly 2.5 (Table 1). The present study was done to
determine the extent to which low CPI-So scores are associ-
ated with a behavioral manifestation of impulsivity.
We used a Go-NoGo reaction time task to test behavioral

impulsivity. Finn found that alcohol exposure increased Go-
NoGo false alarm rates in young adults with low working
memory capacity, a presumed risk for alcoholism, although
FH groups did not differ (Finn et al., 1999). False alarm rates
were similarly higher in early-onset alcoholics with conduct
disorder and low working memory capacity (Finn et al.,
2002), indicating that impulsivity is associated with a common
risk factor for alcoholism (conduct disorder) and with
reduced ability for self-monitoring and behavioral self-regula-
tion (low working memory capacity). Versions of the Go-
NoGo task have also been found sensitive to impulsive traits
in cigarette smokers (Mitchell, 2004), alcoholics with Axis II,
Cluster B disorders (Dom et al., 2006), and in cocaine abusers
(Verdejo-Garcia et al., 2007). The Go-NoGo task is a forced-

choice reaction time task that demands rapid responses on
Go signals and nonresponses on NoGo signals administered
in a state of uncertainty, making it ideal to assess behavioral
impulsivity (Mitchell, 2004). Signal Detection theory provides
a framework within which to measure, analyze, and interpret
the decision-making processes in the Go-NoGo task (Kornb-
rot, 2006). Neuroimaging studies supplement this behavioral
evidence, providing insights into neuroanatomical regions
associated with the decision-making process (Amodio and
Frith, 2006).
Our finding that FH+ have much lower CPI-So scores

than FH– suggests a greater tendency toward behavioral
impulsivity and norm violation in this group. The greater
prevalence of externalizing disorders in males compared to
females suggests that these tendencies should be more pro-
nounced in the male FH+ subgroup. Accordingly, we pre-
dicted that false alarm rate, a measure sensitive to impulsive
responding in the Go-NoGo task, would be higher in FH+
relative to FH–, in those with lower CPI-So scores, and in
males.

METHODS

Participants

The sample included 112 FH+ and 118 FH– healthy young adults
(133 females and 97 males), averaging 23 years of age (Table 1). Par-
ticipants were recruited by advertisement and personal referral from
the Oklahoma City community, local collages and technical schools.
To achieve a diverse sample, ads were placed in a variety of commu-
nity newspapers appealing to a range of demographic groups, as well
as on the exteriors of city buses. We also used a television news spot
and posters in public places. Participants, and parents who were con-
tacted for family history information, all signed consent forms
approved by the Institutional Review Board of the University of

Table 1. Sample Characteristics

Family history Negative Positive

CPI-So group High Low High Low p values for group comparisons

n (F) 94 (53) 22 (8) 61 (45) 53 (28) All Hi– vs. Lo+ FH CPI-So

Age (year) 23.6 (.5) 22.8 (1.0) 23.2 (.6) 24.3 (.7) NS NS NS NS
SES 48.7 (1.4) 51.5 (2.8) 41.0 (1.8) 41.7 (1.8) 0.0002 0.01 0.0001 NS
Education (year) 15.6 (.2) 15.2 (.4) 15.4 (.2) 14.4 (.3) 0.007 0.004 0.032 0.002
Shipley vocabulary 31 (.4) 29 (.8) 30 (.5) 29 (.5) 0.079 NS NS 0.01
BDI 3.4 (.5) 6.1 (.9) 4.6 (.6) 7.1 (.6) 0.0001 0.0001 0.002 0.0001
EPI – Neuroticism 4.9 (.4) 5.7 (.9) 5.9 (.5) 7.4 (.6) 0.005 0.002 0.005 0.006
Caffeine (mg ⁄ d) 110 (14) 110 (30) 104 (18) 153 (19) NS NS NS NS
AUDIT 2.5 (.3) 3.3 (.6) 3.2 (.4) 3.9 (.4) 0.052 0.035 0.026 NS
Cahalan (oz ⁄ mo) 35 (4) 38 (8) 46 (5) 52 (5) 0.048 0.044 0.007 NS
Tobacco (% using weekly) 5 23 10 26 0.0013 0.0003 0.04 0.0001
Drug use (n) 0 1 1 8
Failed drug screen (n) 0 (0%) 2 (8%) 1 (1%) 7 (12%)

Entries are M (SE) unless given otherwise.
All, p-values comparing all 4 risk groups using full multivariate model. Post-hoc Tukey comparisons as follows: Hi– vs. Lo+, Hi Risk vs. Lo Risk

subgroups; FH, FH+ vs. FH– groups; CPI-So, California Personality Inventory Sociability scale scores <30 vs. ‡30; Tobacco use comparisons
based on chi-square test. SES, Hollingshead and Redlich Socioeconomic Status score. All scores shown are considered ‘‘Middle Class.’’ Shipley,
Shipley Institute of Living vocabulary score; BDI, Beck Depression Inventory; EPI, Eysenck Personality Inventory; Caffeine, caffeine consumption
from all sources by structured interview; AUDIT, Alcohol Use Disorders Identification Test; Cahalan, estimated alcohol intake from volume and
frequency reports by structured interview; Drug use, number of subjects in each group who reported ‘‘ever using’’ 1 or more of 11 categories of
illicit or prescription psychoactive drugs other than alcohol; Failed Drug Screen, number of subjects and percentage of each group who failed a
urine drug screen given on a scheduled day of testing.
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Oklahoma Health Sciences Center and the VA Medical Center.
Participants were paid for taking part.

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 personal history of severe
alcohol or drug abuse or dependence, they were informed 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: (a) insufficient parent or family information or the family
did not meet specific FH criteria; (b) the participant met criteria for a
current alcohol or substance use disorder; or (c) the participant had a
current depression or anxiety disorder or required psychotropic med-
ication.

Family History of Alcoholism and Other Drug Problems

Family history of alcoholism status was established using the Fam-
ily 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 FH+
if either biological parent met at least 2 of the possible 6 criteria for
alcohol or substance abuse. Participants 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 78% of the participants reported here, and the parents
confirmed the participants’ FH reports in 89% of these interviews.
Of the 11% of interviews yielding conflicting parent reports, one-
third of the participants could be retained in the sample by reassign-
ing their FH status, while the remaining two-thirds had to be
dropped because of the interviewer’s judgment of an unreliable par-
ent report, lack of information about the grandparents, or other
sources of unreliability. Therefore, 93% of the interviewed subsample
could be considered accurately classified, the remainder having been
discarded. Among the 22% of the sample without parent interviews,
we infer that 89% are accurately classified. Together with the
retained group with parent interviews, this yields an estimated correct
classification rate of 91% of all participants included in this report, a
figure consistent with other reliability estimates (Schuckit et al.,
1995).

Physical and Mental Health, Alcohol and Drug Use, and Person-
ality Assessments

Physical health was assessed by a structured medical history and
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 pri-
mary occupation of the main breadwinner in the household in which
the participant grew up. Intelligence and absence of cerebral impair-
ment were estimated from the vocabulary score on the Revised Ship-
ley Institute of Living Scale (Zachary, 1986).
Behavioral undercontrol was assessed using the Sociability scale

of the California Psychological Inventory (CPI-So) (Gough, 1994).
The CPI-So scale is a 46-item measure of norm abiding and pro-
social behavior intended to assess a person’s ability to evaluate his
or her own behavior from the perspective of another person. In
addition to a lack of empathy, low-scoring persons are described
by their peers as ‘‘impulsive, reckless, careless, defensive, head-
strong, and disorderly’’ (Gough, 1994). Consequently, we interpret
low scores as reflecting not only poor social connectedness but

also an undercontrolled behavioral style. In comparison with other
instruments, the CPI-So has especially high reliability in assessing
antisocial behaviors in alcoholic patients (Cooney et al., 1990). In
a previous analysis of 175 persons in the OFHP sample, FH+ as
a group scored markedly lower than FH– on the CPI-So scale
(28.5 ± 0.59 vs. 32.8 ± 0.49, t = 5.67, p < 0.0001) (Lovallo
et al., 2006).
Based on our initial formulation that behaviorally undercon-

trolled FH+ would be at highest risk of alcoholism and accordingly
would display the greatest clustering of risk-associated behaviors,
we used an a priori cutoff point of 30 to divide the FH groups into
high and low CPI-So groups for descriptive purposes. A cutoff
score of 30 has strong empirical validation, with scores ‡30 charac-
terizing norm-abiding groups, such as research scientists (32.0) and
nursing students (31.5). Scores <30 indicate increasingly deviant,
norm-violating groups, such as infrequent and frequent marijuana
smokers (28.7 and 26.3), 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 pathological gamblers (21.3) (Gough, 1994).
Accordingly, we have assigned putative risk for future alcoholism to
4 groupings based on FH status and CPI-So cutoff score; FH+
with low CPI-So scores (<30) were deemed to be a High Risk sub-
group, FH– with high CPI-So scores (‡30) were deemed to be a
Low Risk subgroup, and FH– with low CPI-So and FH+ with
high CPI-So were deemed moderate risk groups. As shown in
Table 1, 96 subjects would be considered Low Risk and 52 as High
Risk.
Absence of a significant psychiatric history was obtained by a certi-

fied research assistant using the Computerized Diagnostic Interview
Schedule-IV (C-DIS-IV) (Bucholz et al., 1994) and the Beck Depres-
sion Inventory II (BDI) (Beck et al., 1996). Mood regulation was
assessed using the Neuroticism scale from the Eysenck Personality
Inventory (EPI) (Eysenck and Eysenck, 1964), and the BDI.
Alcohol and drug use were assessed through the Cahalan Drinking

Habits Questionnaire (Cahalan et al., 1969), the Alcohol Use Disor-
ders 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 also
assessed by in-house questionnaires.

Testing Protocol

Participants took part in 3 laboratory visits. The first was a screen-
ing assessment of health status, psychological functioning, tempera-
ment characteristics, drinking behavior, and personality. This was
followed by 2 days of laboratory testing, controlling for time of day.
The first test day included psychophysiological stress testing. The sec-
ond day included behavioral tasks including the Go-NoGo task.
Absence of alcohol and drug use was confirmed on test days by nega-
tive expired-air alcohol tests (AlcoMate Prestige, AL-6000, AK Solu-
tions, Palisades Park, NJ) and urine drug screens (icup, Alcopro,
Knoxville, TN).

Go-NoGo Reaction Time Task

Participants sat upright in a comfortable chair and observed a
video monitor. They were informed that there would be an oval fixa-
tion area on a blue background, which would display 1 of 3 stimuli,
‘‘Go,’’ ‘‘NoGo,’’ or ‘‘XX.’’ They were instructed to press a button as
quickly as possible when presented with the word ‘‘Go,’’ and to inhi-
bit any response when presented with the word ‘‘NoGo’’ or an alter-
nate NoGo stimulus of ‘‘XX.’’ There were 5 sets of 20 timed trials,
with a 10-second rest period between sets.
Participants were told that they would receive reward points

(tabulated in the upper right corner of the video monitor) when
correct responses were given within a time limit, slow or incorrect
responses resulted in point penalties. Participants were advised
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not to pay attention to scores, as this might slow response time.
Participants were unaware of 2 additional challenges: (a) correct
response time periods decreased as a function of the rapidity of
correct responses, and (b) to decrease participants’ ability to antic-
ipate an inhibitory stimulus, the ratio of Go signals to NoGo sig-
nals was approximately 3:1.

Data Analysis

Signal detection theory assumes that decision-making takes
place in a state of uncertainty. That uncertainty can be examined
through the variability of correct and incorrect responses to the
forced choices on the Go-NoGo reaction time task. In any given
trial, participants have 4 possible responses that can be displayed
using a 2 · 2 matrix (Fig. 1). A ‘‘Hit’’ occurred if the Go stimu-
lus was presented and the subject responded with a button press.
A ‘‘Miss’’ was a failure to respond to a Go stimulus. Nonre-
sponses to either type of NoGo stimulus were considered
‘‘Correct Rejections’’ while a ‘‘False Alarm’’ was recorded when a
subject incorrectly responded to either of the NoGo stimuli
(Coren et al., 1994). The relationship between hits and false
alarms allows calculation of the parameter d’ (d’ = proportion of
Hits – proportion False Alarms), which is useful for estimating
the individual’s decision-making effectiveness (Macmillan and
Creelman, 2005).
The FH groups were compared for demographic variables, psy-

chological status, and drug and alcohol use by 2-tailed Student’s
t-tests. Signal detection analyses were multivariate and correlational.
All analyses were performed using SAS (SAS System for Windows,
version 8.2, SAS Institute, Cary, NC).

RESULTS

Sample Characteristics

Consistent with earlier findings, the FH+ had significantly
lower CPI-So scores than FH– (29.1 ± 0.48 vs. 33.2 ± 0.40,
t = 6.63, p < .000001). Table 1 describes characteristics of
the FH by CPI-So groups with statistical comparisons. The
FH+ had lower SES scores than the FH– subjects, although
scores all groups fell into the ‘‘middle class’’ descriptive cate-
gory. SES did not differ between the High and Low CPI-So
groups. The FH groups did not differ in estimated intelli-
gence, based on their Shipley vocabulary scores, although the
Low CPI-So group had modestly lower estimated intelligence
than the High group. Educational achievement was lower for
FH+ and for low CPI-So groups, although these differences
were accounted for by the lowest level of achievement occur-
ring in the presumed High Risk group (FH+, Low CPI-So).
Mood regulation, reflected in EPI-neuroticism and BDI
scores, was poorer in FH+ and in Low CPI-So groups, with
the highest scores in the High Risk group. Indicators of alco-
hol and drug use showed that the presumed Low Risk group
had the least reported alcohol intake, the lowest AUDIT
scores, and the least use of tobacco, experimentation with
drugs, and were the least likely to have a failed drug screen in
the laboratory while the presumed High Risk subjects were

Fig. 1. Performance on a Go-NoGo reaction time task in subjects classified by family history of alcoholism and score range on the California Psychologi-
cal Inventory Sociability scale. Each group’s performance is shown as Hits (responding correctly to a Go stimulus), Correct Rejects (withholding a response
to a No-Go stimulus), Misses (failure to respond to a Go stimulus) and False Alarms (responding to a No-Go stimulus). A model containing Family History,
Gender, and Cpi-So group accounted for a significant amount of variance in False Alarms. FH+, Positive family history for alcoholism, defined as having 1
or 2 alcoholic parents; FH–, No alcoholism in first-degree relatives for 2 generations; Low CPI-So, score of <30; High CPI-So, score ‡30.
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highest of the 4 groups in each of these categories. Males and
females had comparable CPI-So scores, 30.6 ± 0.54 and
31.6 ± 0.43, respectively, t = 1.40, p =0.163.
Table 2 provides Pearson correlations showing that higher

CPI-So scores in this population are related to higher educa-
tional attainment, estimated intelligence, and SES, suggesting
an external validity to the CPI-So scores. Similarly, lower
scores are associated with greater evidence of poor mood
stability and more negative affect. Most importantly, lower
CPI-So scores are also associated with greater use of pharma-
cologic substances including caffeine, tobacco, and alcohol, as
well as risky drinking practices as measured by the AUDIT.

Signal Detection Analysis

Go-NoGo performance for the High and Low CPI-So
groups is shown in Fig. 1. Multivariate analyses were per-
formed using FH, gender, and CPI-So scores as independent
variables and scores in each of the 4 Go-NoGo response cate-
gories as dependent variables. This model did not account for
variability in scores for Hits, Misses, or Correct Rejections.
However, False Alarm rates were predicted by the overall
model, F (3, 226) = 3.89, p = 0.0097, accounting for 4.9%
of the variance. As predicted, False Alarms were accounted
for by low CPI-So status, F (1, 226) = 5.15, p = 0.024, and
male gender, F (1, 226) = 6.27, p = 0.013 (Table 3). There
was no effect of FH status on False Alarm rates (2.96 ± 0.29
vs. 2.63 ± 0.24 for FH– and FH+, respectively) and no
interactions with the other independent variables after
accounting for CPI-So status and gender. A partial correla-
tion analysis, controlling for FH, showed a significant correla-
tion between False Alarm rate and low CPI-So scores,
r = )0.153, p = 0.021, and male gender, r = 0.16,
p = 0.015. The f-hat estimate of effect size was 0.157 for the
full model, showing a small to moderate association between

the false alarm rates and the predictor variables (Cohen,
1988).
Further analyses were performed using FH, gender, and

CPI-So status as independent variables and d’ as the
dependent variable. There was a trend toward a 3 way
interaction, F (1, 226) = 3.11, p = .074, with FH+, low
CPI-So status, male subjects having the lowest d’ values
and FH–, high CPI-So, female subjects the highest. CPI-
So status was marginally significant, F (1, 226) = 3.69,
p = 0.056, with low CPI-So subjects exhibiting lower d’
values than high CPI-So subjects. There was no main
effect of FH or gender.

DISCUSSION

This study provides evidence of higher rates of false alarms
during a Go-NoGo reaction time task in male subjects and in
those with lower CPI-So scores, suggesting a relative degree
of behavioral undercontrol in these groups. Because the task
is a psychomotor task, the false alarm rates represent an un-
dercontrol tendency manifested as a behavioral impulsivity.
This evidence converges with findings that low CPI-So scores
also predict affective, cognitive, and physiological response
characteristics of volunteers in this sample (Table 2) (Lovallo
et al., 2006; Miranda et al., 2002; Sorocco et al., 2006). In
their diagnostic interviews, these FH+ were twice as likely as
FH– to report Axis II, cluster B symptoms including: having
unprotected sex, many recent sex partners, engaging in reck-
less driving, using an alias, having periods of not working for
no reason, or quitting jobs without savings to live on, (Ameri-
can Psychiatric Association, 1994). Sher and colleagues
reported a similar pattern of behavioral tendencies in a college
sample of FH+ (Sher, 1991).
This symptom pattern is consistent with the idea that low

CPI-So scores characterize the FH+ group as being impul-
sive and norm violating, and it is also consistent with studies
showing a common inheritance of antisocial and impulsive
tendencies in FH+ (Langbehn et al., 2003; Nurnberger et al.,
2004). Other evidence suggests that increased risk of alcohol-
ism in FH+ may be specifically associated with behavioral
undercontrol and externalizing characteristics (Krueger et al.,
2002; Sher et al., 2004; Tarter et al., 1985). In the present
study, the High Risk subgroup (FH+, low CPI-So) was also
lower in educational achievement, suggesting less motivation
and direction in life. This subgroup also had poorer emo-
tional regulation, as indicated by higher BDI and EPI scores,
and they were more likely to experiment with drugs other
than alcohol. They also had working memory deficits, as seen
in poorer performance on the Stroop color-word test and a
heightened attraction to rewards in a gambling paradigm
(Lovallo et al., 2006; Smith and Jonides, 1999). The fact that
FH was no longer a significant predictor of false alarms when
CPI-So was entered into the statistical model may indicate
that low CPI-So scores capture an impulsivity trait that may
represent a core characteristic of FH+ and that may underlie
their greater risk of future alcoholism. It is noteworthy that

Table 2. Pearson Correlations Between CPI-So Scores and Indicators of
Cognition, Mood Regulation, and Substance Use

Behavioral indicator r p

Years of education 0.22 0.002
Shipley vocabulary 0.15 0.02
Hollingshead index 0.16 0.02
BDI score )0.37 0.0001
EPI neuroticism )0.19 0.004
Caffeine consumption )0.157 0.02
Cigarettes smoked per day )0.36 0.0001
Cahalan index )0.202 0.004
AUDIT score )0.19 0.004

Table 3. False Alarms for Sociability Groups by Sex

Sociability group High Low

Males 2.84 (0.35) 3.61 (0.39) 3.23 (0.26)
Females 2.09 (0.24) 2.66 (0.47) 2.38 (0.26)

2.47 (0.21) 3.14 (0.31)

Entries show mean (± SEM).
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CPI-So score and sex did not interact in predicting false
alarms. That is, lower CPI-So scores predicted similar
increases in false alarm rates in men and women despite the
higher false alarm rates in men within each CPI-So score
group (Table 3).
We note also that higher false alarm rates accompany low

CPI-So scores in both FH+ and FH– persons. This raises the
key question of whether low CPI-So scores are indicative of a
greater tendency toward alcoholism and other substance use
disorders or represent a temperament characteristic indepen-
dent of FH. As noted above, FH+ have far lower CPI-So
scores than do the FH– subjects and are two-and-a-half times
more likely to fall into the low CPI-So group. This suggests a
strong clustering of behavioral undercontrol tendencies in the
FH+ group, consistent with data in Tables 1 and 2 and inter-
view reports described above. While many FH+ have low
CPI-So scores, half score in the relatively prosocial range
(‡30). It would be useful to know if these high-scoring FH+
are at normal risk for future drinking problems. Follow-up
evaluations of drinking patterns will allow the independent
effects of CPI-So scores and FH to be examined in relation to
alcohol problems.
These findings converge with reports that alcohol increases

false alarm rates on a Go-NoGo learning task in persons with
low working memory capacity, although family history of
alcoholism alone did not account for this result (Finn et al.,
1999). The results presented here indicate that behavioral
impulsivity can be seen in the absence of alcohol exposure in
persons who are behaviorally undercontrolled suggesting that
motor impulsivity is not only a reaction to alcohol’s effects
but is more fundamental to the trait of behavioral undercon-
trol. False alarm rates are also elevated in early-onset alcohol-
ics who display conduct disorder, and this tendency is
worsened in the presence of low working memory capacity
(Finn et al., 1999). These agree with the present findings that
a positive family history of alcoholism does not account for
increased impulsivity above and beyond the behavioral under-
control captured in low CPI-So scores. Tarter has noted that
low sociability is actually an active, disinhibited, labile, impul-
sive disposition representing a prefrontal deficit (Tarter et al.,
1985).
The rates of false alarms are tracked by trends in the d’

scores. The d’ parameter indicates the effectiveness with which
a detection and response choice system works (Kornbrot,
2006; Swets, 1961, 1988). Other evidence indicates that areas
of the prefrontal cortex are essential for performing this task,
and that poorer performance indicates less well organized
working memory functions. Behavioral impulsivity and poor
behavioral adjustment to altered response contingencies has
long been observed in persons with frontal lobe damage
(Anderson et al., 1999; Berlin et al., 2004). Such deficits in
intact individuals are associated with reduced working mem-
ory capacity. Finn has shown a greater sensitivity in FH+ to
degraded Go-NoGo task performance under increased work-
ing memory load (Finn, 2002; Finn et al., 1999). Neuroimag-
ing studies show that inadequate activation of prefrontal

circuits associated with working memory may precede false
alarm errors. Li and coworkers identified 2 predictive sources
of impulsive errors in the stop signal task: (1) failure to ade-
quately activate the anterior presupplementary motor area
prior to a stop signal was associated with impulsivity and
therefore a failure to inhibit responses when a stop signal was
detected, (2) failure to activate bilateral middle and inferior
frontal cortices was associated with a more global lack of vigi-
lance, poor attentional monitoring, and subsequently failing
to detect the signal as a stop signal and making a response (Li
et al., 2006). Work with cocaine-dependent subjects on this
task revealed that a failure to adequately activate the rostral
anterior cingulate cortex was predictive of impulsive errors
(Li et al., 2007a). This region is a associated with the forma-
tion and monitoring of response intentionality, and it pro-
vides critical inputs to the supplementary motor area in
regulating overt behavior (Amodio and Frith, 2006). In a
study comparing nondrinking FH+ and FH– adolescents,
FH+ subjects had less fMRI evidence of prefrontal inhibi-
tory activity during a Go-NoGo task (Schweinsburg et al.,
2004), suggesting a lack of prefrontal regulation of attention
and behavioral responsivity. Li and colleagues hypothesize
that specific failure to deactivate parts of the posterior and
anterior cingulate gyrus is associated with attentional and
response inhibition failures preceding false alarms in a Go-
NoGo task (Li et al., 2007b). These neuroimaging findings
suggest that regional brain activity should be studied in rela-
tion to Go-NoGo and stop-signal performance in persons
with the risk factors examined in the present study.
The above findings may have implications for alcohol and

drug dependency treatment. For example, impulsivity, espe-
cially in males, appears to be a risk factor that also predicts
poor mood regulation, lower educational and socio-economic
achievement, a tendency to experiment with drugs other than
alcohol, and a heightened sensitivity to rewards but not
consequences. These risk factors suggest a deficit in patients’
decision-making abilities. It seems important for treat-
ment counselors to have an understanding of these risk
factors so that they may bolster patients’ decision-making
deficits in order to improve treatment responsivity and relapse
prevention.
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