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Objective: The study assessed the valid-
ity of the Gambling Task as a test of deci-
sion-making ability in adolescents and
examined whether adolescents with be-
havior disorders, who are at risk for sub-
stance abuse, have deficits in decision
making similar to those exhibited by
adults with substance abuse.

Method: Performance on the Gambling
Task in two testing sessions separated by
1 week was assessed in 64 12-14-year-old
adolescents (31 healthy, 33 with external-
izing behavior disorders) and 52 adults
(22 healthy, 30 with substance abuse).

Results: The healthy adolescents and the
healthy adults had similar performance on
the Gambling Task. Adolescents with be-
havior disorders performed more poorly
than healthy adolescents, but only in the
second testing session. In adults, overall

Gambling Task performance did not differ
between the healthy and substance abuse
groups at either testing session, indicating
no difference in learning of decision-mak-
ing strategies between groups. However,
adults with substance abuse performed
more poorly than healthy adults during an
early stage of the task, when participants
presumably begin to understand the re-
wards and penalties involved in the task
but are not yet sure of the actual risk of in-
curring penalities.

Conclusions: The Gambling Task can be
used with adolescents. Testing with the
Gambling Task revealed a deficit in deci-
sion making in adolescents with behavior
disorders, who are at risk for substance
abuse. This deficit may represent a vul-
nerability factor for the development of
substance abuse.

(Am J Psychiatry 2003; 160:33-40)

Research focused on elucidating the neural processes
underlying decision making has included adults only (1-4).
The extension of such studies to adolescents requires the
assessment and validation of cognitive tasks in adolescents.

This study evaluated the Gambling Task as a test of deci-
sion making in adolescents. In adults, this task is sensitive
to lesions of the frontal cortex (5, 6), and it reveals impair-
ments in subjects who have maladaptive behaviors, such
as substance use disorders and psychopathy (7-11). The
Gambling Task tests the ability to balance immediate re-
wards against long-term negative consequences.

Children acquire the ability to delay gratification as they
learn to exercise such balance. By age 11-12 years, most
children have reached the formal operational period (12),
characterized by the ability to conceptualize and the ac-
quisition of a sense of time that facilitates successful ac-
tion planning. Similarly, by that age, they have developed
the ability to deflect attention from irrelevant stimuli and
to control perseverative responses (13).

Children with externalizing behavior disorders, such as
attention deficit hyperactivity disorder (ADHD) and con-
duct disorder are likely to have impaired decision making
as aresult of impulsivity, delay aversion, heightened sensi-
tivity to immediate reward, and propensity toward risk-
taking behaviors (14-19). These conditions are thought to
contribute to the greater incidence of substance use disor-
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ders in these adolescents than in the general population
(20, 21). Both conduct disorder and ADHD have been as-
sociated with enhanced risk for substance use disorders
(22-27). The association of conduct disorder with high
rates of substance use disorders is well-established; rates
of substance use disorders of 65% in boys and 94% in girls
have been reported for subjects whose childhood conduct
problems extend into adulthood (24). However, the associ-
ation of ADHD with substance use disorders has been
more controversial, with some data showing an increased
risk of substance use disorders mediated by comorbid
conduct disorder, and other data showing that ADHD is a
risk factor in itself. A series of studies by Biederman’s
group (22, 23, 26, 27) clarified this discrepancy by demon-
strating that the excess in rates of substance use disorders
related to ADHD could be reliably detected only after age
19 years, whereas conduct disorder was shown to increase
the risk of substance use disorders throughout adoles-
cence. Therefore, to detect an association between ADHD
and substance abuse disorders, longitudinal studies of
subjects beyond age 19 years are needed. In a retrospective
study, adults with a diagnosis of childhood-onset ADHD
had a lifetime rate of substance use disorders that was
twice that of non-ADHD adults (52% versus 27%) (23). On-
set of substance use disorders was reported to occur signif-
icantly earlier in ADHD adults (at age 19 years) than in
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non-ADHD adults (at age 22 years) (27). Prospectively,
rates of substance use disorders were found to be similar in
ADHD and non-ADHD adolescents at 15 years of age (15%)
(22), whereas the prevalence of substance use disorders in
ADHD adolescents at 17 years of age was 41%, compared to
16% in the age-matched non-ADHD group (26).

Previous studies have reported impaired performance
on decision-making tasks in adults with substance use
disorders (7, 9, 28, 29). Several studies that used the Gam-
bling Task suggested performance deficits in this popula-
tion, but none reported how performance changed with
time (7, 9, 28). This question is particularly relevant to sub-
stance use disorders, which are characterized by a lack of
adaptations to avoid negative consequences (DSM-1V).
We expected that differences in performance on the Gam-
bling Task between healthy subjects and subjects with
substance use disorders would increase with time, as the
healthy subjects improved their performance while the
substance abusers did not.

The Wisconsin Card Sorting Task was used as a compar-
ison test because it also requires intact executive func-
tions, including choice and planning (30, 31), but it en-
gages the dorsolateral (32-35) portion of the prefrontal
cortex rather than the ventral portion that is more specific
to performance on the Gambling Task (6, 36). Deficits on
both tasks would suggest generalized prefrontal dysfunc-
tion, whereas a deficiency on only one task would suggest
involvement of a specific prefrontal region.

We hypothesized that performance on the Gambling
Task would 1) be similar or less adaptive in healthy adoles-
cents than in healthy adults, 2) be worse in adolescents
with behavior disorders than in healthy adolescents; and
3) improve over time in healthy adults but not in adults
with substance use disorders. We predicted that perfor-
mance on the Wisconsin Card Sorting Task in healthy ado-
lescents would be similar to that in adults (37). We also ex-
pected that adolescents with behavior disorders would
show deficits on this task, on the basis of evidence for im-
paired executive function in children with ADHD (38-40),
although such impairments have not been found consis-
tently (27, 41).

Method

Subjects and Experimental Design

The subjects included adults and adolescents. Part of the data
collected for the adults (performance scores of the first adminis-
tration of the Gambling Task) has been previously published (9).
Adults and adolescents were assessed with identical cognitive
paradigms, and the same experimenter (L.S.) administered the
tests for both groups.

Male and female volunteers were recruited through newspaper
advertisements and psychiatric clinics. The adults were 21-44
years old, and the adolescents were 12-14 years old. After receiv-
ing a detailed description of the research, adult volunteers and
parents gave written informed consent, and adolescents gave
written informed assent. The studies were approved by the Na-
tional Institute on Drug Abuse Institutional Review Board.
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Participants completed a medical screening, including a psy-
chiatric evaluation (assessment with the Diagnostic Inventory
Schedule [42] for the adults and with the Diagnostic Interview for
Children and Adolescents [43] for the adolescents) and a test of
intellectual functioning (Shipley Institute of Living Scale [44] for
the adults and the abbreviated Wechsler Intelligence Scale for
Children, 3rd ed. [WISC-III] [45] for the adolescents). Socioeco-
nomic status was determined by using Hollingshead’s Four-Fac-
tor Index of Social Status (46). Exclusion criteria included a his-
tory of head trauma, medical illness, and IQ <80. Lifetime axis I
psychiatric diagnoses were also exclusionary, except for sub-
stance use disorders in the adults, and ADHD with or without co-
morbid mood disorders and conduct disorder in the adolescents.

The adult group included healthy comparison subjects and
polydrug abusers with current histories of opioid or stimulant use
evidenced by self-reports and by a positive urine drug test at
study entry. The adolescent group included healthy comparison
subjects and subjects with an externalizing behavior disorder
(ADHD or conduct disorder) who were considered to be at risk for
substance use disorders but did not have a current history of drug
abuse. The adults with substance use disorders lived in a residen-
tial treatment unit for 36-48 hours before testing to eliminate the
effects of acute intoxication. The other subjects were not living in
aresidential treatment setting when they were tested.

Two testing sessions, separated by 1 week, were conducted. Re-
sults on the Wisconsin Card Sorting Task only for week 1 were in-
cluded in the analysis, because data from repeated administra-
tion of this task are not clinically meaningful. Adolescents treated
with stimulants were asked to discontinue their medication for 48
hours before each testing session. There is no evidence that dis-
continuation of oral methylphenidate at therapeutic doses in-
duces a state of withdrawal or an exacerbation of native symp-
toms (47-51). Symptoms usually return to baseline levels within
3-4 hours after administration of an oral dose of methylphenidate
(see review in reference 52), suggesting that 48 hours is suffi-
ciently long to expect a return to baseline states. Adolescents
treated with other psychotropic medications with longer half-
lives were not asked to discontinue treatment, because a longer
period of medication withdrawal would have been necessary.

Cognitive Tasks

Decision-making task. The Gambling Task (5) is a card game in
which participants are told to accumulate as much play money as
possible by picking one card at a time from any of four decks (A, B,
C, and D) until 100 cards have been selected. The decks (40 cards
each) differ in representation of both the level of immediate gain
and the level of risk of penalties. Every card from decks A and B
yields a gain of $100, compared with $50 for every card from decks
C and D. Some cards in each deck also carry penalties, such that
the accumulated penalties exceed the accumulated gains in
decks A and B, and the accumulated penalties are smaller than
the accumulated gains in decks C and D. Thus, continued choice
from decks C or D leads to a net gain ($250/10 cards), whereas
continued choice from decks A or B leads to a net loss (-$250/10
cards). The optimal strategy is to avoid the short-term appeal of
decks A and B in favor of the slower gain from decks C and D.
Performance on the Gambling Task is scored by a global out-
come score (net score) and a score for each consecutive block of
20 cards. These scores correspond to the number of cards cho-
sen from the advantageous decks (C and D) minus the number
of cards chosen from the disadvantageous decks (A and B). The
analysis of the Gambling Task performance by blocks of 20 cards
provides information about the learning capacity and strategy
used by participants. Bechara (53) identified four learning
phases corresponding to changes in awareness or understand-
ing of the task: guess, pre-hunch, hunch, and conceptual knowl-
edge. Performance (net scores) improves across these phases.
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TABLE 1. Demographic Characteristics of Adults With Substance Use Disorders, Adolescents With Behavior Disorders, and
Healthy Adult and Adolescent Comparison Subjects in a Study of Decision-Making Deficits

Adults With Substance Use

Adolescents With Behavior

Healthy Adolescents

Characteristic Disorders (N=30) Disorders (N=33) Healthy Adults (N=22) (N=31)
N % N % N % N %
Sex
Male 27 90 30 91 18 82 17 55
Female 3 10 3 9 4 18 14 45
Ethnicity
African American 30 100 6 18 13 59 10 32
Caucasian 0 0 26 79 8 36 19 61
Other 0 0 1 3 1 5 2 7
Mean SD Mean SD Mean SD Mean SD
Age (years) 35.2 49 12.6 0.7 31.1 6.4 12.8 0.7
Socioeconomic status? 92.0 22.0 53.2 28.7 66.5 259 51.8 20.9
1Q 95.9 9.8 104.9 19.4 105.2 12.7 99.7 14.3

2 Measured with Hollingshead’s Four-Factor Index of Social Status (46).

The analysis of performance at each phase provides a means to
better qualify the influence of age and diagnosis on the learning
process.

Wisconsin Card Sorting Task. The Wisconsin Card Sorting Task
tests the ability to form abstract concepts and to shift between re-
sponse sets (30). Four sample cards are presented, each bearing
geometric designs that vary along the dimensions of color (red,
green, yellow, blue), number (numbers 1-4), and shape (triangle,
star, cross, circle). Participants sequentially select from a presorted
deck of 64 cards that vary in the combinations of these dimen-
sions, and they are asked to match each card to one of the sample
cards. The criterion for matching is not stated, but the participant
is told immediately whether each match was correct or incorrect.
After each 10 consecutive correct matches, the criterion changes.
Once all the cards in the first deck have been picked, a second deck
of 64 cards presorted in the same order is used.

We analyzed the five scores most commonly used across studies:
1) number of completed sets of 10 consecutive correct matches;
2) number of perseverative errors; 3) number of nonperseverative
errors, reflecting impulsivity and distractibility; 4) number of trials
to complete the first category, a measure of conceptual ability; and
5) failure to maintain set, i.e., number of times an incorrect re-
sponse was made after five successive correct responses.

Statistical Analysis

Subject characteristics are described as means and standard
deviations for each group. Two-by-two (age group: adults and ad-
olescents; diagnosis group: healthy and patients) analyses of vari-
ance (ANOVAs) were conducted to evaluate the main effects of
age group and diagnosis group and the effects of the interaction
of age group and diagnosis group on sex, ethnicity, socioeco-
nomic status, and IQ. Age differences between diagnostic groups
were tested for adults and adolescents separately.

To evaluate potentially confounding effects on group compari-
sons of the performance scores, the variables of age, sex, ethnic-
ity, socioeconomic status, and IQ were entered into exploratory
regression analyses for each performance score and main com-
parison group (three groups: healthy subjects [both adults and
adolescents], adults [both healthy adults and adults with sub-
stance abuse disorders], and adolescents [both healthy adoles-
cents and adolescents with a behavior disorder]). Only IQ re-
mained in the regression analyses for both the Gambling Task
(accounting for 11% to 19% of the variance in the net scores) and
the Wisconsin Card Sorting Task (accounting for 8% to 33% of the
variance in the scores). Therefore, IQ was used as a covariate in all
subsequent analyses of covariance (ANCOVAs).
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The Gambling Task data were analyzed by using three separate
groups of two-way ANCOVAs, with IQ as a covariate, to evaluate
the interactions and main effects of 1) age group (adults, adoles-
cents) and time (week 1, week 2) for the comparison of healthy
adolescents and healthy adults, 2) diagnosis group (healthy, pa-
tients) and time (week 1, week 2) for the comparisons of adults
with substance use disorders and healthy adults, and 3) diagnosis
group (healthy, patients) and time (week 1, week 2) for the com-
parisons of healthy adolescents with adolescents with behavior
disorders. Pooling the data for the adolescents with behavior dis-
orders and the adults with substance use disorders (i.e., creating
an overall patient group) was considered inappropriate because
of the substantial clinical differences between the two groups.
Therefore, a single three-way ANCOVA with diagnosis, age group,
and time as factors was not used.

In addition, an exploratory analysis was performed on data for
the five 20-card blocks of the Gambling Task to evaluate which
phase of awareness (guess, pre-hunch, hunch, and conceptual
knowledge) (53) might be most sensitive to age group and diagno-
sis group. Individual ANCOVAs were performed for each of the 10
blocks by using the group comparisons described earlier. Given
the exploratory nature of this analysis, the criterion for statistical
significance was set at p<0.10, after Bonferroni correction
(p<0.01x10 comparisons).

Results

Demographic Characteristics

The study group comprised 52 adults (22 healthy com-
parison subjects and 30 adults with substance use disor-
ders) and 64 adolescents (31 healthy comparison subjects
and 33 adolescents with an externalizing behavior disor-
der) (Table 1). Data from two adult comparison partici-
pants were removed from an analysis published previ-
ously (9) because their Gambling Task scores indicated
that they did not engage in the task.

Behavior disorders in adolescents consisted of ADHD
without comorbidity (N=21), conduct disorder without co-
morbidity (N=5), and ADHD comorbid with a history of
mood disorder without acute symptoms (N=7, four with
unipolar depression, two with dysthymia, and one with ad-
justment disorder). An ANCOVA, with IQ as covariate,
showed no significant differences in Gambling Task scores
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TABLE 2. Scores on the Gambling Task and on the Wisconsin Card Sorting Task of Adults With Substance Use Disorders,
Adolescents With Behavior Disorders, and Healthy Adult and Adolescent Comparison Subjects

Adults With Substance

Adolescents With

Healthy Adolescents

Use Disorders (N=30) Behavior Disorders (N=33)  Healthy Adults (N=22) (N=31)

Task Mean SD Mean SD Mean SD Mean SD
Gambling Task net score?

Week 1 10.8 24.8 9.5 24.5 221 24.8 16.3 24.8

Week 2 20.3 28.6 11.4 29.6 341 28.5 311 30.3

Change from week 1 to week 2 8.3 24.8 2.0 25.7 11.7 24.4 15.4 259
Wisconsin Card Sorting Task

Categories completed 6.4 2.2 6.6 23 6.5 23 7.4 2.2

Perseverative errors 17.8 7.2 16.8 8.0 18.8 7.4 14.4 8.3

Nonperseverative errors 17.3 6.6 15.9 8.6 16.3 6.4 16.9 8.8

Trials to first category 16.3 11.6 14.1 4.6 20.0 11.5 12.2 5.0

Failure to maintain set? 1.4 1.1 1.6 1.1 1.1 1.4 0.8 1.1

2 Number of advantageous cards minus number of disadvantageous cards, corrected for between-group differences in 1Q. The task was admin-

istered on two occasions separated by 1 week.

b Number of times an incorrect response was made after five successive correct responses.

among the three groups of adolescents with behavior dis-
orders. Thus, data for the three groups were analyzed to-
gether, to represent a single group of at-risk adolescents.
About half of the subjects with behavior disorders (18 of 33)
were treated with stimulants and were tested 48 hours after
stimulant discontinuation. Performance on the decision-
making task (net scores) and on the Wisconsin Card Sort-
ing Task did not differ between the 18 adolescents who dis-
continued treatment and the 15 adolescents who were not
treated with stimulants (net score, week 1: F=0.70, df=1, 30,
p=0.41; net score, week 2: F=0.03, df=1, 30, p=0.86; Wiscon-
sin Card Sorting Task: 0.01<F<0.74, df=1, 30, 0.40<p<0.93).
Nine adolescents with behavior disorders were also receiv-
ing tricyclic antidepressants (N=2), bupropion (N=4), or
sertraline (N=3). These medications were not discontinued
because their longer half-lives would have required a
longer discontinuation period. The performance scores of
these nine adolescents did not differ significantly from that
of the other 24 adolescents with behavior disorders (net
score, week 1: F=0.02, df=1, 30, p=0.88; net score, week 2: F=
1.72, df=1, 30, p=0.20; Wisconsin Card Sorting Task:
0.34<F<2.34, df=1, 30, 0.14<p<0.56).

Most adults with substance use disorders (28 of 30)
used an average of 2.5 g/week (SD=0.7) of cocaine, more
than half (19 of 30) used an average of 253 mg/week (SD=
76) of heroin, and 29 used marijuana, alcohol, and/or nic-
otine weekly. The average duration of use was about 7
years for the cocaine and heroin users, and between 14
and 17 years for the users of marijuana, alcohol, and ciga-
rettes. None of the comparison subjects had ever used co-
caine or heroin or were currently smoking marijuana or
nicotine cigarettes.

Data on the subjects’ age, sex, ethnicity, socioeconomic
status, and IQ are listed in Table 1. The healthy adolescents
and the adolescents with behavior disorders were similar
in age, whereas the healthy adults were younger than the
adults with substance use disorders (t=2.56, df=50, p=0.01).
Socioeconomic status was lower in the adults than in the
adolescents (F=35.16, df=1, 113, p<0.0001) and lower in the
adults with substance use disorders than in the healthy
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adults (t=3.81, df=50, p=0.0004). There was no significant
difference in socioeconomic status between the healthy
adolescents and the adolescents with behavior disorders.
Finally, IQ was significantly higher in the healthy adults
than in the adults with substance use disorder (t=—2.97, df=
50, p=0.005) and significantly lower in the adults with sub-
stance use disorders than in the adolescents with behavior
disorders (t=—2.36, df=48.4, p=0.02), but there was no sig-
nificant difference in IQ between the healthy adolescents
and the adolescents with behavior disorder or between the
healthy adolescents and the healthy adults.

Cognitive Performance

The four groups’ mean scores on the Gambling Task and
Wisconsin Card Sorting Task, after correction for differ-
ences in IQ, are presented in Table 2.

Healthy adolescents versus healthy adults. As Fig-
ure 1 and Figure 2 show, the mean overall net scores and
the block net scores on the Gambling Task did not differ
between the adults and the adolescents at week 1 or at
week 2.

Of the five Wisconsin Card Sorting Task scores, only the
number of trials to complete the first category (a measure
of conceptual ability) showed a significant main effect of
age group (F=11.66, df=1, 45, p=0.001), indicating that the
adolescents scored better than the adults (Table 2).

Healthy adolescents versus adolescents with behav-
ior disorders. For the overall scores on the Gambling
Task, the time-by-diagnosis group interaction was statis-
tically significant (F=4.97, df=1, 61, p=0.03): the healthy
adolescents improved from week 1 to week 2, and the ad-
olescents with behavior disorders did not (Figure 1). In
addition, there was a main effect of diagnosis group on
net scores (F=4.79, df=1, 61, p=0.03), which was mainly
due to the worse performance of the adolescents with be-
havior disorders compared to the healthy adolescents at
week 2 (F=7.42, df=1, 61, p=0.008). No significant differ-
ences were found between the healthy adolescents and
those with behavior disorders on the Gambling Task block
net scores.
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FIGURE 1. Overall Net Scores on the Gambling Task in
Healthy Adults, Adults With Substance Use Disorders,
Healthy Adolescents, and Adolescents With Behavior
Disorders?

40

I Week 1
B Week 2

Mean Overall Net Score
N w
(=] (=}

-
o

Healthy  With substance Healthy  With behavior
(N=22) use disorders (N=30) disorders (N=33)
(N=30)
Adults Adolescents

2 Net score is the number of advantageous cards minus number of
disadvantageous cards, corrected for between-group differences in
1Q. The task was administered on two occasions separated by 1
week. Net scores were similar in healthy adults and healthy adoles-
cents. They were significantly lower in adolescents with behavior
disorders than in healthy adolescents (F=4.79, df=1, 61, p=0.03),
mostly because of differences in week 2 performance (F=7.42, df=
1, 61, p=0.008).

The adolescents with behavior disorders had signifi-
cantly worse scores than the healthy adolescents on the
Wisconsin Card Sorting Test measure of failure to main-
tain set (F=7.12, df=1, 61, p=0.01) (Table 2). Performance
on the measure of failure to maintain set at week 1 was not
correlated with Gambling Task performance at week 1 or
week 2 in the adolescents with behavior disorders (week 1:
r=—0.15, df=31, p=0.40; week 2: r=-0.21, df=31, p=0.23) or
in the healthy adolescents (week 1: r=-0.07, df=29, p=0.72;
week 2: r=0.12, df=29, p=0.53).

Healthy adults versus adults with substance use dis-
orders. No significant time-by-diagnosis group interac-
tion and no significant main effects of time and diagnosis
group were found in the comparison of overall Gambling
Task scores between the healthy adults and the adults with
substance use disorder (Figure 1). The Gambling Task
block net scores showed that only performance in block 3
(cards 41-60) at week 1 differed significantly between the
healthy adults and the adults with substance use disorders
(F=6.55, df=1, 47, p=0.01, p=0.10, with Bonferroni correc-
tion), with the adults with substance use disorders scoring
worse than the healthy adults.

There were no significant differences on any of the Wis-
consin Card Sorting Test scores between the healthy adults
and the adults with substance use disorders.
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FIGURE 2. Net Scores on the Gambling Task Over Five
Blocks of 20 Card Choices in Healthy Adults and Adults
With Substance Use Disorders?

Week 1 Week 2

12

[l Adults with substance
use disorders (N=30)

[ Healthy adults (N=22)

b

Mean Net Score

Card Block

2 Net score is the number of advantageous cards minus number of
disadvantageous cards, corrected for between-group differences in
1Q. The task was administered on two occasions separated by 1
week. The blocks of cards correspond to phases of awareness or un-
derstanding of the task, as follows: guess (cards 1 to 20), pre-hunch
(cards 21 to 40), hunch (cards 41 to 60), and conceptual knowledge
(cards 61 to 100).

b Significant difference between groups (F=6.55, df=1, 47, p<0.10
Bonferroni corrected).

Discussion

The key findings regarding adolescents in this study are
that 1) Gambling Task performance is similar in healthy
adolescents and in healthy adults and 2) Gambling Task
performance after the task is learned (i.e., at the second
administration of the task) is worse in adolescents with
behavior disorders (who are at risk for substance use dis-
orders) than in healthy adolescents. In addition, healthy
adults and adults with substance use disorders showed no
difference in their change in performance on the Gam-
bling Task between week 1 and week 2. It is noteworthy
that the adults with substance use disorders performed
worse than healthy adults during the “hunch” period
(block 3 of week 1), when participants presumably begin
to understand the reward/penalty differences between the
Gambling Task decks but are not sure of the actual risk of
incurring penalties (53).

Healthy Adolescents Versus Healthy Adults

The finding that healthy adolescents and healthy adults
performed similarly on the Gambling Task suggests that
this measure can be used in adolescents to probe deficits
in decision making and that performance in adolescents
can be compared to that in adults. Overall, our findings
support the idea that prefrontal neural organization at
ages 12-14 years has reached a developmental stage that
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permits adult levels of cognitive ability on the Gambling
Task.

As expected (37), performance on the Wisconsin Card
Sorting Task did not differ between the adolescents and
the adults on most scores. However, the worse perfor-
mance of the adults compared to the adolescents on the
number of trials to complete the first category was not an-
ticipated. The adolescents’ performance score for trials to
complete the first category (mean score=12.2, SD=5.0) was
better than that of the normative sample for the same age
group (normative score for 13-year-olds: mean=18.7, SD=
17.1, N=29), whereas the adults’ performance (mean
score=20.0, SD=11.5) was worse than that for the norma-
tive sample of adults (normative score for 30-39-year-
olds: mean=12.2, SD=4.8, N=63) (31). However, the nor-
mative scores for this subtest varied substantially with age
(e.g., 11-year-olds: mean score=13.3, SD=5.7, N=50; 14-
year-olds: mean score=19.1, SD=23.4, N=27; 15-year-olds:
mean score=12.9, SD=5.1, N=32; 40-49-year-olds: mean
score=14.0, SD=15.3, N=63) (31). On the basis of this ob-
servation and on the fact that scores on all other subscales
were within the expected range, the difference between
the adults and the adolescents in performance on a single
subscale is not likely to reflect overall abnormal perfor-
mance in the adults.

Healthy Adolescents Versus Adolescents
With Behavior Disorders

The adolescents with behavior disorders and the
healthy adolescents performed similarly on the Gambling
Task at week 1. However, the performance of the adoles-
cents with behavior disorders did not improve by week 2,
unlike the performance of the healthy adolescents. This
finding suggests that adolescents with behavior disorders,
who are considered to be at risk for substance use disor-
ders, show deficits in decision making similar to those
found in substance abusers (7, 9, 28, 29). However, the
specificity and sensitivity of this deficit remain to be deter-
mined. If this impairment in decision making represents a
vulnerability for the development of substance abuse, the
qualitative difference of the deviance in Gambling Task
performance—significantly worse performance on block
3 at week 1 for the adults with substance use disorders
than for the healthy adults and significantly worse perfor-
mance at week 2 for the adolescents with behavior disor-
ders than for the healthy adolescents—suggests an evolu-
tion of the deficits with age or with exposure to drugs of
abuse. Only longitudinal studies can clarify the link be-
tween maladaptive decision making in adolescents with
behavior disorders and the development of substance
abuse disorders. In addition, the adolescents with behav-
ior disorders had poorer performance than the healthy ad-
olescents on the Wisconsin Card Sorting Task score for
failure to maintain set. This difference probably reflects
the relatively high degree of impulsivity and distractibility
of this group or a reduced responsivity to reinforcement in
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guiding problem-solving behavior. This deficit on the Wis-
consin Card Sorting Task was not correlated with perfor-
mance on the Gambling Task, suggesting that Gambling
Task performance was independent of the cognitive pro-
cesses engaged in the Wisconsin Card Sorting Task.

Healthy Adults Versus Adults
With Substance Use Disorders

In contrast to the results of our previous work (9), overall
performance on the Gambling Task across week 1 and
week 2 did not differ significantly between adults with sub-
stance use disorders and healthy adults. Adults with sub-
stance use disorders performed worse than the healthy
adults, but this difference did not reach significance (F=
2.99, df=1, 47, p=0.09). In addition, contrary to our hypoth-
esis, changes in Gambling Task performance between
week 1 and week 2 did not differ between adults with sub-
stance use disorders and healthy adults. Although Figure 2
shows a pattern of improvement in mean scores during
week 2 in the healthy adults but not in the adults with sub-
stance use disorders, the net score on block 3 at week 1
was the only score that was significantly worse in the
adults with substance use disorders. This block corre-
sponds to the time when participants begin to understand
the pattern of rewards and penalties associated with the
decks of cards and begin to shift preference toward the ad-
vantageous decks (53). The distribution of scores across
time suggests that adults with substance use disorders ei-
ther reached the hunch period later than healthy adults or
did not adapt their strategies based on knowledge of costs
for rewards. As already reported (9), maladaptive perfor-
mance on the Gambling Task is contrasted to normal per-
formance on the Wisconsin Card Sorting Task, suggesting
a specific deficit in decision making involving conflicts be-
tween immediate rewards and long-term penalties.

One caveat to the interpretation of this work concerns
the use of IQ as a covariate in cognitive studies of healthy
versus substance use disorders groups. This approach is
conservative because the removal of the variance related
to IQ is likely to also remove a portion of the variance due
to substance use disorders. Indeed, neuropsychological
studies of subjects with substance use disorders have
tended to show cognitive deficits that are likely to affect IQ
(54, 55). In fact, group differences in Gambling Task mean
scores across week 1 and week 2 were 10 times more ro-
bust before IQ correction (F=6.90, df=1, 48, p=0.01) than
after IQ correction (F=2.99, df=1, 47, p=0.09). Our results
corrected for IQ, however, indicate that Gambling Task
deficits (in block 3 at week 1) are present above and be-
yond differences in global cognitive function and thus are
specific to the cognitive processes involving the weighting
of rewards and penalties for deciding a course of action.
Another caveat concerns the inability to ascertain a spe-
cific relationship between the cognitive deficits found in
the adolescents with behavior disorders and a vulnerabil-
ity for substance use disorders. Follow-up evaluation of
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these adolescents will provide the means to assess directly
the predictive value of cognitive performance for the de-
velopment of substance use disorders. Because Gambling
Task performance did not differ among the adolescents
with ADHD, those with conduct disorder, and those with
comorbid ADHD and mood disorder, we did not explore
further the relative contributions of individual diagnostic
groups to the findings. Finally, inclusion of adolescents
treated with psychotropic medications for their behavior
symptoms may have introduced an artifact in this study.
The effect of this artifact, however, is expected to be mini-
mal because the performance of the adolescents who re-
ceived medication did not differ significantly from that of
those who did not receive medication.

Further studies are needed to elucidate which elemen-
tal cognitive processes contribute to decision-making def-
icits in adults with substance use disorders and adoles-
cents with behavior disorders. Functional magnetic
resonance imaging is at present the best tool to examine
the neural substrates of these deficits. The present work
suggests that the optimal windows to capture compro-
mised performance on the Gambling Task correspond to
the hunch period of block 3 (cards 41-60) during a first ad-
ministration of the Gambling Task for adults with sub-
stance use disorders and during readministration of the
task for adolescents with behavior disorders.
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