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The study analyzed decision making under ambiguity and risk, impulsivity, and acute
effects of alcohol intoxication on these processes in subjects exhibiting either one, both, or
none of these conditions: problem drinking and at-risk gambling involvement. Subjects
(N = 110, ages 18-57; 57.3% men) were evaluated on the Iowa Gambling Task (IGT;
Bechara, Damasio, Damasio, & Anderson, 1994), the Game of Dice Task (GDT; Brand et
al., 2005) and the Go-Stop Impulsivity Paradigm (GoStop; Dougherty, Mathias, & Marsh,
2003) before and after the ingestion of an alcohol (inducing ~0.45 g/kg) or a placebo drink.
At-risk gamblers (ARG+) showed better performance on the IGT than not-at-risk gamblers
and nongamblers (ARG—). ARG+ and subjects intoxicated with alcohol picked more
cards than their respective controls from the high frequency of punishment decks. ARG+
without problematic drinking exhibited greater impulsivity in the GoStop (i.e., exhibited a
significantly lower percentage of response inhibition at the 50-ms latency) after the
ingestion of alcohol. GDT scores were unaffected by gambling, problem drinking, or acute
alcohol dosing. The study confirmed the facilitatory effect of acute alcohol on impulsivity.
A new and important finding was the altered IGT performance in ARGs. This is particularly
striking when considering that these are not pathological gamblers. Apparently, even this
low level of gambling severity is sufficient to alter decision making. The lower level of
sensitivity to frequency of punishment apparently improved performance in this population,
but it can present risk for the development of more severe gambling behaviors, particularly
when considering that the acute alcohol treatment increased their impulsivity and had an
independent effect upon sensitivity to punishment.
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Impulsivity and decision making (DM) are
two key features of neuropsychological assess-
ment of addictive behaviors, problem drinking

in particular (Everitt & Robbins, 2005; Verdejo-
Garcia, Lawrence, & Clark, 2008). DM refers to
the ability to choose the most optimal alterna-
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tive after weighing rewarding and punishing
consequences associated with different re-
sponse options (Starcke & Brand, 2012). DM
can be classified based on the available infor-
mation about the possible outcomes. Decisions
under ambiguity are those in which the possible
outcomes and the probability of occurrence are
unknown, whereas decisions under risk are
those in which the probability of occurrence of
different results is known or calculable (Brand,
Recknor, Grabenhorst, & Bechara, 2007).

DM under ambiguity and under risk can be
assessed by the Iowa Gambling Task (IGT;
Bechara, Damasio, Damasio, & Anderson,
1994) and the Game of Dice Task (GDT; Brand
et al., 2005), respectively. Subjects with alco-
hol- or other substance-use disorders (Dolan,
Bechara, & Nathan, 2008; Kim, Sohn, & Jeong,
2011; Miranda, MacKillop, Meyerson, Justus,
& Lovallo, 2009; van Toor et al., 2010), or
those exhibiting chronic binge drinking (a prob-
lematic alcohol-use pattern not necessarily as-
sociated with alcohol-use disorder [AUD];
Goudriaan, Grekin, & Sher, 2011) have been
shown to exhibit more disadvantageous choices
in the IGT than healthy controls. Subjects diag-
nosed with AUD also exhibited impaired DM
under risk (i.e., reduced number of safe elec-
tions on the GDT, Kim et al., 2011).

Impulsivity is a multidimensional construct
that comprises the tendency to act with little or
insufficient planning and with diminished re-
gard for the immediate and long term conse-
quences (Cyders et al., 2007). Behavioral im-
pulsivity is usually classified as (a) motor (i.e.,
the inability to inhibit an ongoing action), (b)
cognitive (i.e., the inability to gather the avail-
able information to select the most adequate
behavioral response and the tendency to prefer
riskier instead of more conservative options),
and (c) choice (i.e., the tendency to prefer a
small but immediate reward over a larger but
delayed reward) impulsivity (Rogers, Moeller,
Swann, & Clark, 2010). Alcohol-dependent
subjects, when compared with healthy controls,
tend to exhibit impaired performance in tasks
evaluating inhibitory control and cognitive im-
pulsivity (Bjork, Hommer, Grant, & Danube,
2004; Lawrence, Luty, Bogdan, Sahakian, &
Clark, 2009), and also display both slower stop-
signal and go-signal reaction times (RTs; Law-
rence et al., 2009). These deficits are probably
related to neural changes resulting from

chronic, heavy alcohol exposure. But similar
deficits can also arise after more modest alcohol
exposure. Among social drinkers, deficits in
inhibitory control have been positively associ-
ated to the level of alcohol consumption
(Weafer, Millich, & Fillmore, 2011) and to the
presence of heavy episodic drinking (Henges &
Marczinski, 2012).

These findings and others (see Verdejo-
Garcia et al., 2008) indicate impulsivity and
DM are altered in subjects with AUD and also
in those who do, despite not meeting the criteria
for an alcohol-disorder, engage in heavy epi-
sodic drinking patterns (e.g., binge drinkers). Of
special interest for the present study is that these
processes are similarly impaired after acute
(Dougherty, Marsh-Richard, Hatzis, Nouvion,
& Mathias, 2008) and chronic (Clark & Rob-
bins, 2002; Dalley, Everitt, & Robbins, 2011)
alcohol administration to participants without
AUD or a problematic drinking pattern. Social
drinkers given an acute dose of alcohol have
exhibited dose-dependent increases in DM un-
der risk on the Risk-Taking Task (George, Rog-
ers, & Duka, 2005; Lane, Cherek, Pietras, &
Tcheremissine, 2004). This population has also
exhibited acute, ethanol-induced behavioral im-
pulsivity (Fillmore, Ostling, Martin, & Kelly,
2009; Reynolds, Richards, & de Wit, 2006).
Taken together, these results indicate that im-
pulsivity and DM seem to be altered in subjects
with problematic drinking and, vice versa, that
acute alcohol drinking increases impulsive be-
havior and alters DM.

Gambling, the act of placing a wager (gener-
ally money) under the uncertain hope of getting
a larger return, ranges from recreational to prob-
lematic and pathological gambling (Franco,
Maciejewski, & Potenza, 2011). Problem gam-
blers have been shown to have poorer decision-
making abilities in a motor-inhibition task
(Grant, Chamberlain, Schreiber, Odlaug, &
Kim, 2011), and pathological gamblers have
exhibited, similarly to problem drinkers, altera-
tions in DM (Clark, 2010; Verdejo-Garcia et al.,
2008) and impulsivity (Brevers et al., 2012).
Some alterations have been observed even in
recreational gamblers (i.e., persons who engage
in any type of gambling activity but who do not
fulfill the criteria for problem or pathological
gambling). Specifically, recreational gamblers
with a diagnosis of substance abuse have dis-
played heavier gambling and had different gam-
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bling motivations than gamblers without sub-
stance use (Liu, Maciejewski, & Potenza,
2009). Moreover, recreational gamblers who
exhibit higher levels of excitement seeking en-
gage in more frequent gambling behaviors and
display greater gambling symptomatology than
those with lower levels of excitement seeking, a
trait resembling impulsivity (McDaniel &
Zuckerman, 2003; Pantalon, Maciejewski, De-
sai, & Potenza, 2008), suggesting an association
between gambling involvement and some as-
pects of impulse control (i.e., sensation seek-
ing).

The study of subjects with different levels of
gambling severity holds promise as a means to
clarify the progression from recreational to
pathological gambling (Odlaug, Chamberlain,
Kim, Schreiber, & Grant, 2011). This type of
study may reveal cognitive deficits that precede
the onset of pathological gambling (Odlaug et
al., 2011). Little is known about DM and im-
pulsivity processes in at-risk gamblers (ARGs;
i.e., gamblers with low level of gambling sever-
ity) or in ARGs with a coexistence of problem-
atic drinking. Also unknown is whether acute
alcohol intake has different effects in these
groups of subjects. The present study analyzed,
in subjects with both problematic drinking and
at-risk for problem gambling, only one, or none
of these conditions: (a) shared and unique def-
icits in impulsivity and decision making, and (b)
the effect of an acute dose of alcohol on impul-
sivity, as measured by the Go-Stop Impulsivity
Paradigm (GoStop task; Dougherty, Mathias, &
Marsh, 2003) and decision-making processes,
as measured with the IGT (Bechara et al., 1994)
and the GDT (Brand et al., 2005).

Method and Materials

Experimental Design

We used the following 2 X 2 X 2 factorial
design: Problematic Dinking (PD+ or PD—) X
At-Risk Gambling (ARG+ or ARG—) X Alco-
hol Dose (active placebo target BrAC = 0.01%
or alcohol target BrAC = 0.05%). Participants
were evaluated before and after treatment (i.c.,
pretreatment and posttreatment phases).

Recruitment and Selection Criteria

Participants were recruited through advertise-
ments on social networks, newspapers, e-mail

lists and flyers located on the campus of the
National University of Cérdoba (Argentina), or
in the surrounding area. The advertisement
asked for volunteers, ages 18 to 60, willing to
participate in an alcohol and gambling study.
Interested individuals completed a telephone
screening and were included if they reported:
(a) one or more last-month drinking episodes
resulting in alcohol intoxication similar to that
induced by the dose administered in the study,
and (b) no psychiatric, neurological or clinical
conditions, current treatment for alcohol or
gambling disorders, current consumption of
psychopharmacological medication (Fillmore &
Weafer, 2012). Women also reported no chance
of being pregnant and absence of breast-
feeding.

The Alcohol Use Disorder Identification Test
(AUDIT, Rubio Valladolid, Bermejo Vicedo,
Caballero Sanchez-Serrano, & Santo-Domingo
Carrasco, 1998) and the South Oaks Gambling
Screen (SOGS, South Oaks Foundation, 1986)
were employed to classify participants in each
of the study conditions. Participants who
scored =1 on the SOGS were identified as
ARG+ and those scoring 0 were identified as
not-ARGs/nongamblers (ARG—). Participants
with a score =8 on the AUDIT (Allen, Reinert,
& Volk, 2001) were classified as PDs+,
whereas those with lower scores (i.e., <8) were
categorized as PDs—).

Participants

One-hundred ten participants (57.3% men,
M,,. = 24.69 years, SD = 5.76) completed the
study. Age and mean years of education were
statistically similar across the groups (p = .05).
Fifty-four participants were assigned to the pla-
cebo and 56 to the alcohol condition. A similar
percentage of men and women were included in
each condition (x* = .001, p = .978). Table 1
describes sociodemographic variables and the
occurrence of alcohol and gambling behaviors
for PD+/ARG+, PD+/ARG—, PD—/ARG+,
and PD—/ARG— groups. PD+ participants,
compared with PD— participants, scored signif-
icantly higher on AUDIT, F( 05y = 233.13,
p < .001, (n* = 0.68), drank significantly more
grams of alcohol per drinking occasion, F; jg) =
73.94, p < .001, (n* = 0.41), and per month,
Fi 108 = 557, p < .001, (n* = 0.34), and had
more drinking days per month, F; ;o5, = 25.65,

T1
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Table 1

AUDIT and SOGS Scores, Percentage of Regular Gamblers, and Indicators of Alcohol Consumption
Patterns in the Total Sample and in Participants Exhibiting Gambling or Not Gambling (ARG+ and
ARG—, Respectively), and With or Without Problematic Drinking (PD+ and PD—, Respectively)

PD— PD+
Total ARG— ARG+ ARG— ARG+
Variables (N = 110) (n = 34) (n =123) (n = 30) (n = 23)
Sociodemographics
Gender (men) 57.3% 52.9% 60.9% 46.7% 73.9%
Age 2477 £5.7 259+79 2555 247+ 4.4 22,6 2.7
Years of education 14.8 =2 15.1 £ 2.1 145 = 1.7 151 £19 14422
Drinking behavior
AUDIT Score 8.1*+3.9 45+ 12 58=*x22 11.1 24 11.8 £2.7
Grams per drinking occasion 113.5 2662 69.8 =343 7777445 1424 +493 1763 =724
Grams per month 567.5 = 5629 239.7 = 157.9 270.8 = 232.9 919.8 + 628.7 888.9 £ 649.5
Drinking days per month 5.8 3.8 4*+26 45*34 82 %39 6.7 £3.9
Prevalence of heavy episodic drinking 75.5% 55.9% 60.9% 93.3% 95.7%
Gambling behavior
SOGS Score 98 = 147 0 2*1.24 0 2.69 = 1.49
Frequent gambler 30.9% 8.8% 47.8% 16.7% 65.2%

Note.

p < .01, (n2 = 0.19). Furthermore, PD+ partic-
ipants were more likely to exhibit heavy episodic
drinking (>56/70 g per drinking occasion, women
and men, respectively) compared with PD—
(x* = 3038, p < .001). ARG+ nparticipants
scored significantly higher on the SOGS (South
Oaks Foundation, 1986), F(; 105y = 180.17, p <
.001, (n2 = 0.62), and were more likely to be
frequent gamblers (gamble at least once a month)
than ARG— (x> = 41.8, p < .001).

Measures

IGT. The IGT (Bechara et al., 1994) was
developed to assess decision making. Partici-
pants were instructed to win as much fictitious
money as possible within 100 trials. On each
trial, the participant had to choose one card at
a time from four decks. Decks A and B pro-
duce larger rewards but also larger losses
(disadvantageous decks) while decks C and D
produce smaller rewards but also smaller
losses (advantageous decks). Decks A and C
have low-magnitude/high-frequency punish-
ments, whereas Decks B and D have high-
magnitude/low-frequency punishments (Steingro-
ever, Wetzels, Horstmann, Neumann, &
Wagenmakers, 2013).

GoStop. The GoStop task (Dougherty, Ma-
thias, & Marsh, 2003) was designed to measure
response inhibition. Series of five-digit numbers

AUDIT = Alcohol Use Disorder Identification Test; SOGS = South Oaks Gambling Screen.

were displayed for 500 ms. Half of the numbers
were target trials (matching stimuli: numbers
matching the number that appeared above) and
half were filler trials (nonmatching stimuli). The
stop trial, which corresponds to half of the tar-
get trials, consists of numbers that change from
black to red at 50, 150, 250 or 350 ms after the
stimulus appears in the center of the monitor.
Subjects were required to respond while the
number was still on the screen. Participants
were instructed to inhibit their responses on
trials in which the number turned from black to
red (i.e., stop trials). The failure to withhold a
response to the red “stop” stimulus was a re-
sponse-inhibition failure. The dependent mea-
sure was the percentage of correct inhibited
responses after the stop signal appeared for each
of the latencies. Lower percentages were indic-
ative of greater impulsivity.

GDT. The GDT (Brand et al., 2005) was
designed for assessing participants’ aversion/
attraction to make risky decisions. Participants
were instructed to increase their fictitious capi-
tal within 30 throws of the dice. On each trial,
they could choose between single numbers (i.e.,
three) or a combination of two (i.e., five and
six), three (i.e., one, two, three) or four (i.e.,
one, two, three and four) numbers. The subjects
knew the probability of winning/losing. The
choice for a single number and for a combina-
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tion of two, three, and four numbers consisted
of a $1,000, $500, $200 and $100 gain/loss,
respectively. The probability of winning with
choices of a single number or a combination of
two numbers is less than 50% (i.e., risky deci-
sions). The probability of winning with combi-
nations of three or four numbers is higher than
50% (i.e., safe decisions). The total net score
results from the subtraction between safe and
risky elections.

Subjective Intoxication Scale. Part-
icipants rated how intoxicated they felt by plac-
ing a mark on a line with values from O (not at
all intoxicated) to 10 (very intoxicated; Fillmore
& Blackburn, 2002).

Procedure

Upon arriving at the lab, the experimenter
explained to the participant the procedure and
cleared any questions. The participant signed an
informed consent and then was submitted to a
breathalyzer test to ensure a baseline breath-
alcohol concentration (BrAC) of zero. He or she
then completed the pretreatment phase (approx-
imately 40 min) in the following order: IGT,
GoStop, and GDT. Subsequently, the partici-
pant had 10 min to drink the beverage, which
had been prepared out of his or her sight by
mixing ethyl alcohol (Porta Hermanos, Cor-
doba, Argentina, 96%) and a grapefruit flavored
soda as a vehicle in a 1:7 proportion. The pla-
cebo, prepared with a small volume of alcohol
and flat tonic water to complete the rest of the
placebo part, had two drops of rum on the top to
enhance the credibility of the placebo. Assign-
ment to the alcohol-dose condition (i.e., alcohol
or active placebo) was random.

The volume of alcohol to be consumed by
each participant was calculated with the Blood
Alcohol Concentration Calculator software
(Curtin, 2000) by entering the participants’
weight and sex with a target BrAC of 0.05%
(=~0.40 and 0.46 g/kg for women and men re-
spectively: the alcohol condition) or 0.01
(=~0.13 and 0.15 g/kg for women and men re-
spectively: the active placebo condition), de-
pending on their assigned treatment condition.

Participants rinsed their mouths out with wa-
ter 10 min after finishing the beverage, and 5
min later, the experimenter registered the BrAC
levels and the first subjective intoxication rat-
ing. Posttreatment tests then began. Participants

underwent the same procedure (i.e., measure-
ment of BrAC and the subjective intoxication
rating) before each computerized task within
posttesting (i.e., 15, 25, and 40 min. postalcohol
administration) and at the end of the last task.
The tasks were completed in the same order as
described for the pretest (i.e., IGT, GoStop, and
GDT) to ensure that BrACs at the time of task
administration were held constant within
groups.

The University Internal Review Board ap-
proved all study procedures and the National
Agency for Promotion of Science and Technol-
ogy (FONCyT) reviewed the protocol.

Dependent Variables and
Statistical Analysis

The main dependent variable in the IGT was
the total net score, (C + D) — (A + B). Advan-
tageous and disadvantageous elections and sen-
sitivity to frequency of punishment, (B + D) —
(A + CO), were also separately examined. The
dependent variables in the GoStop task and in
the GDT were the percentage of response inhi-
bition at each of the tested latencies (50, 150,
250 and 350ms), the total net score and the total
number of safe and risky elections, respectively.
Pre- and posttreatment scores for each of these
variables were independently analyzed via re-
peated-measures analyses of variance (RM
ANOVAs, between factors: ARG, PD, and al-
cohol dose; RMs: pre- and posttreatment scores,
also referred to as time or time of measurement
in the description of results). BrACs and sub-
jective intoxication-perception scores were an-
alyzed in participants given the alcohol drink
via RM ANOVA (peak BrAC after placebo was
0.002%).

The main significant effects and significant
interactions yielded by the ANOVAs were ex-
plored using Tukey’s post hoc test and planned
comparisons. Tukey was used for the analysis
of significant main effects or significant inter-
actions comprising between-group variables.
We employed planned comparisons to explore
significant main effects or interactions that in-
volved RM s. The underlying logic is that there
is no post hoc test that properly handles Type-I
error in interactions comprising between and
within factors (Winer, Brown, & Michels,
1991). Given this absence, planned compari-
sons are an alternative with a suitable compro-
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mise between power and reliability. Alpha level
was = .05.

Results
IGT (Becharaet al., 1994)

The RM ANOVA for total net scores yielded
significant main effects of time, F(; 102 = 40
91, p < .001, (n* = 0. 29) and ARG, F(; 02y =
728, p < .01, (n* = 0.67). As depicted in
Figure 1, greater net scores were found in the
posttreatment assessment compared with the
pretreatment, and ARG+ exhibited signifi-
cantly greater overall net scores than ARG—.
Neither PD nor alcohol dose significantly af-
fected IGT net scores, nor were they involved in
any significant interaction.

The RM ANOVA on number of cards se-
lected from the advantageous decks (C and D)
showed significant main effects of type of deck,

F(1.102) = 35.35, p <.001, (m?* = 0.26), time of

measurement, Fy ;) = 40.91, p <.001, (T]

0.29) and ARG, F; 102, = 7.28, p < .01, =

0.07). The interaction between ARG and type of
deck reached statistical significance, F(; 192 =

5.01, p < .05, (n* = 0.05). Post hoc analyses
revealed that ARG+ subjects (M = 29.39,
SD = 13.99) selected significantly more cards
from Deck C than ARG— subjects (M = 21.68,
SD = 10.14). The three-way interactions be-
tween time, type of deck, and ARG, F(; 105y =

7.34, p < .01, (n* = 0.07) and between time,
type of deck, and alcohol dose, F(; 0y = 7.37,
p < .01, (n* = 0.07) were also significant. The
planned comparison for pretest scores showed
greater selection of cards from Deck C than
from Deck D, in both ARG+ and ARG— par-
ticipants. During the posttest, however, ARG+
participants selected significantly more cards
from Deck C than ARG-—. Selections from
Deck D were similar across groups. The
planned comparisons also indicated that, during

60 - #
50 %
6 401 I
o]
)
7]
2 301
8
L
|_
0} 20 A
10 I PD-
i IJ_-I 1 PD+
0 T T T T T
ARG+ ARG- ARG+ ARG-
Pre-treatment assessment Post-treatment assessment
Figure 1. Total net scores obtained in the IGT during pre- and posttreatment assessments,

in participants exhibiting ARG+ or ARG— behaviors and with PD+ or PD—, respectively.
Data is presented collapsed across treatment (i.e., alcohol or placebo drink). This factor did
not significantly affect IGT net scores, nor was involved in any significant interaction. The
statistical analysis revealed significantly greater scores during the posttreatment, compared
with the pretreatment, and significantly greater overall scores ARG+ than in ARG—. These
effects are indicated by the pound and the asterisk, respectively. The vertical bars illustrate the

SEM.
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the pretest, cards from Deck D were signifi-
cantly more selected than those from Deck C.
During the posttest, those who received alcohol,
but not their placebo counterparts, selected sig-
nificantly more cards from Deck C than from
Deck D.

The RM ANOVA for number of cards selected
from the disadvantageous decks (A and B)
showed main effects of type of deck, F(j 100y =
120.87, p < .001, (m> = 0.54), tlme of measure-
ment, Fq 100 = 40.91, p <.001, (n* = 0.29), and
ARG, Fy 10y = 7.28, p < .01, (nz = 0.07). Post
hoc analysis revealed that the participants made
fewer disadvantageous elections during the post-
test (M = 43.18,SE = 1.36 and M = 34.18, SE =
1.6, for the pre- and posttest respectively) and
selected more cards from Deck B (M = 25.05,
SE = 1.05) than from Deck A (M = 13.63, SE =
0.53). ARG+ (M = 34.62, SE = 2.03) made
fewer selections from disadvantageous decks than
ARG— (M = 41.6, SE = 1.64).

The RM ANOVA for frequency of punish-

ment, (B + D) — (A + C) showed main effects
of time of measurement, F(; 0,y = 4.69, p <
.05, (n = 0.04) and ARG, F(; 102y = 5.92,p <

.05, (n? = 0.05). The interactions between ARG
and time, F(; 1o = 3.93, p < .05, (m* = 0.04)
and between alcohol dose and time reached
significance, F(y 1o,y = 5.87, p < .05, n? =
0.05). The planned comparison indicated simi-
lar sensitivity to punishment in ARG+ and
ARG—, and in subjects assigned to the alcohol
or placebo conditions, during the pretest mea-
surement. During the posttreatment, ARG+ ex-
hibited significantly less sensitivity to punish-
ment than ARG—, and those intoxicated with
alcohol, compared with those given placebo,
picked more cards from the high-punishment
decks, exhibiting a lower sensitivity to fre-
quency of punishment. These results are de-
picted in Figure 2.

#
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> 10
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=
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(]
(2}

0 T T T T T
ARG+ ARG- ARG+ ARG-
Pre-treatment assessment Post-treatment assessment

Figure 2. Sensitivity to frequency of punishment in the lowa Gambling task, (B + D) —

(A + C), in participants exhibiting at-risk (ARG+) or not-at-risk/non gambling (ARG—)
behaviors, and given an alcohol drink (inducing a blood alcohol concentration of 0.05%), or
a placebo drink immediately before the posttreatment assessment. The asterisk indicates that,
during the posttreatment, ARG + exhibited significantly less sensitivity to punishment than
ARG—; and the pound sign indicates a significant difference during the posttreatment
between participants intoxicated with alcohol, compared with those given placebo. The

vertical bars indicate the SEM.
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GoStop (Dougherty et al., 2003)

The ANOVA for percentage of response in-
hibition at the 50-ms latency revealed a main
effect of time, F( 102y = 5.63, p < 0.05, m* =
0.05) and significant interactions between PD
and ARG, F; 145, = 5.4, p < 0.05, (n*> = 0.05)
and between time and PD, F(; 10, = 444, p <
0.05, ("q = 0.04). The four-way interaction
between time, alcohol dose, PD, and ARG
achleved significance, F(; 10p) = 4.44, p < .05,
(”f] = (0.04). This interaction was deconstructed
via separate ANOVAs for the pre- and post-
treatment assessments. The ANOVA for the
pretreatment test indicated a lack of significant
main effects or significant interactions. The
ANOVA for the posttreatment test revealed a
significant main effect of PD, F(; 10,y = 4.61,
p < .05, (m* = 0.04) and a significant interac-
tion between PD and ARG, F(; ;o2 = 6,7, p <
.05, (n* = 0.06). The three-way interaction
between PD, ARG, and alcohol dose was also
significant, Fq j00y = 5.72, p < 0.05, =
0.05). Post hoc tests revealed that ARG+ with-
out problematic drinking (ARG+/PD— group)
exhibited a significantly lower percentage of
response inhibition than the rest of the groups
after the ingestion of alcohol.

The analyses for response-inhibition scores at
the 250-ms, 150-ms or 350-ms latency lacked
significant main effects or significant interac-
tions. Pre- and posttreatment data are presented
in Table 2.

GDT (Brand et al., 2005)

The ANOVA only indicated that scores sig-
nificantly increased during the posttreatment—
relative to the pretreatment—significant main
effect of time, F; 10, = 7.16, p < .01, (n* =
0.06). PD, ARG, and alcohol dose did not sig-
nificantly affect GDT net scores or safe and
risky elections, nor were they involved in any
significant interaction.

BrACs

A significant main effect of time of measure-
ment was found, F3305 = 99.17, p < .001,
(m*> = 0.49). Post hoc analysis revealed that
BrACs were stable between Measurements 1
and 2, but significantly declined in the third and
fourth measurements. No significant main effect

of PD or ARG was found. BrACs are presented
in Table 3.

Subjective Intoxication Responses

The ANOVA yielded a main effect of alcohol
dose, F(j 192y = 86.61, p < .001, (m* = 0.46).
Participants treated with alcohol reported higher
subjective levels of intoxication than partici-
pants in the placebo condition (see Figure 3).
The interaction between alcohol dose and PD,
Fi102) = 311, p = .08, (m* = 0.03) bordered
statistical significance. The planned-comparison
analysis showed that PD+ subjects who re-
ceived alcohol, but not PD— subjects who re-
ceived alcohol, were significantly less sensitive
to the acute alcohol intoxication.

Discussion

In the present study, we examined shared and
unique deficits in behavioral impulsivity (using
the GoStop task; Dougherty, Mathias, & Marsh,
2003) and decision making (using the IGT and
GDT tasks; Bechara et al., 1994 and Brand et
al., 2005, respectively) in subjects with prob-
lematic drinking and who were at-risk for prob-
lem gambling, only one, or none of these con-
ditions. We also inspected the effect of an acute
dose of alcohol on behavioral impulsivity and
decision-making processes. Despite evidence of
acute effects of alcohol on impulsivity and de-
cision making (Dougherty et al., 2008) or iden-
tified shared and unique deficits between path-
ological gamblers and alcohol-dependent
subjects (Lawrence et al., 2009), little was
known about the populations studied here. Re-
cent studies highlighted the importance of
studying ARGs to gain insight into the progres-
sion from recreational to pathological gambling
(Grant et al., 2011). To our knowledge, this is
the first study that examined the acute effect of
alcohol on behavioral impulsivity and decision
making in subjects with problematic drinking
and at-risk for problem gambling. We discuss
our findings below.

The lack of baseline differences on decision
making and behavioral impulsivity as a function
of problematic drinking and at-risk gambling
behavior was unexpected (Goudriaan, Ooster-
laan, de Beurs, & van den Brink, 2005, 2011;
Kertzman, Lidogoster, Aizer, Kotler, & Dan-
non, 2011; Lawrence et al., 2009), but could be
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Table 3

Breath-Alcohol Concentrations in Participants Exhibiting At-Risk or Not-At-Risk/Nongambling Behaviors
(ARG+ and ARG—, Respectively), and With or Without Problematic Drinking (PD+ and PD—,
Respectively) Who Had Been Given an Alcohol Drink Before Test

PD— PD+
ARG— alcohol ARG+ alcohol ARG— alcohol ARG+ alcohol
Breath-alcohol concentrations (n = 16) n=12) (n = 16) (n=12)
First measurement .059 = .002 .056 = .003 .057 =.002 .057 = .003
Second measurement .056 = .002 .057 = .004 .057 = .003 .057 = .003
Third measurement .046 = .003 .047 = .002 .046 = .002 .042 = .002
Fourth measurement .04 £ .002 .039 = .003 .037 = .001 .031 = .002

explained by sample characteristics. In the pres-  their not-at-risk/nongambling counterparts. This
ent study, the participants displayed lower levels performance indicated, at least partially, a
of severity than alcohol dependents (Dolan et al.,  greater selection of cards from the advantageous
2008; Miranda et al., 2009) and pathological gam-  yet highly punishing Deck C by ARGs. Tradi-
blers (Goudriaan et al., 2005; Power, Goodyear, & tionally, the IGT has been interpreted based on
Crockford, 2012) from previous studies. the selection of advantageous or disadvanta-

New information provided by the study was geous decks (Bechara et al., 1994). Other stud-
the enhanced decision making under ambiguity ies, however, underscore the importance of also
exhibited by ARGs in the IGT compared with considering the frequency of punishments
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Figure 3. Subjective intoxication responses, in participants exhibiting at-risk or not-at-risk/
non gambling behaviors (ARG+ and ARG—, respectively), and with or without problematic
drinking (PD+ and PD—, respectively). The participants were given an alcohol drink, or a
placebo before the test. Subjective intoxication responses were assessed three times during the
intoxication. The figure depicts the mean response across measurements. The vertical bars
indicate the SEM. Please refer to the text for an account of significant differences across
groups.
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(Steingroever et al., 2013) and the ability to
avoid punishment (Gonzilez, Ponce, Diaz, &
Marino, 2010). We find it interesting that intox-
icated participants also picked more cards from
the advantageous but high-punishment Deck C,
suggesting that an acute dose of alcohol made
participants less sensitive, or blind, to high-
frequency punishment.

Although the altered sensitivity to punish-
ment apparently improved performance in
ARGs, it can represent a risk factor for the
escalation in the gambling-severity continuum
with the development of more severe gambling
behaviors (Loxton, Nguyen, Casey, & Dawe,
2008; Wardell, Quilty, Hendershot, & Bagby,
2015). The greater performance of ARGs may
also relate to them being better at recognizing
the underlying logic of the IGT (Bechara et al.,
1994). Many gambling activities have an ability
component that implies using a variety of strat-
egies to improve performance (Grant, Odlaug,
Chamberlain, & Schreiber, 2012; Myrseth,
Brunborg, & Eidem, 2010). Goudriaan et al.
(2005) found a correlation between the use of
strategies to reduce the amount of losses and
performance on the IGT. Supporting this hy-
pothesis, 82% of the ARGs in our study re-
ported a preference for strategic/skill games.
But other factors, such as stress, might be in-
fluencing performance on the IGT. Stressed par-
ticipants, compared with their nonstressed
counterparts, needed more time to learn the
underlying (i.e., not explicit) rules of the IGT
(Preston, Buchanan, Stansfield, & Bechara,
2007). It is possible that ARGs, who are likely
more familiar at performing gambling tasks,
displayed lower levels of stress when perform-
ing the IGT. These possibilities are not mutually
exclusive. ARGs might have exhibited altered
sensitivity to punishment, improved abilities to
perform strategic gambling games, lower levels
of stress, and faster learning of the task.

Alcohol treatment significantly exacerbated
impulsivity in the GoStop among PD— ARGs
tested at the 50-ms latency. These results are
consistent with evidence indicating higher lev-
els of motor impulsivity after the administration
of alcohol (Dougherty et al., 2008; McCarthy,
Niculete, Treloar, Morris, & Bartholow, 2012;
Weafer & Fillmore, 2008). Alcohol treatment,
however, did not affect GDT (Brand et al.,
2005) performance. Although the latter result is
consistent with previous work (Acufia, Castillo,

Bechara, & Godoy, 2013), in the present study,
the GDT was completed approximately 40 min
postadministration, when alcohol concentration
levels were declining. This may explain the lack
of effects of alcohol treatment. Additionally, we
used a lower dose of alcohol than that used in
most previous studies (i.e., between 0.60 and
0.80 g/kg; see Cronce & Corbin, 2010; Lane et
al., 2004; Phillips & Ogeil, 2007, 2010).

The repeated, pre- and posttreatment, admin-
istration of the behavioral tasks is a limitation of
the present study, as it is associated with im-
proved performances because of a learning ef-
fect. Despite this limitation, this type of design
is the most suitable to test the kind of hypoth-
eses postulated here (Schweizer et al., 2006).
Specifically, having a baseline before alcohol
intoxication is fundamental to disaggregate the
pharmacological effects of this or other addic-
tive substances. Other limitations include the
use of a single alcohol dose, the lack of exam-
ination of sex effects, and the lack of examina-
tion of the effect of expecting to receive alco-
hol.

Overall, our findings confirmed the facili-
tatory effect of acute alcohol on behavioral im-
pulsivity and found an altered IGT (Bechara et
al., 1994 performance in ARGs. The latter result
is particularly striking when considering that
these gamblers exhibited low levels of gam-
bling severity (i.e., were not pathological gam-
blers). Apparently, even this low level of gam-
bling engagement is sufficient to alter decision
making. The lower level of sensitivity to pun-
ishment improved performance in this popula-
tion, but it can also be a risk factor for the
development of more severe gambling behav-
iors, particularly when considering that alcohol
also increased their impulsivity and had an in-
dependent effect upon sensitivity to punish-
ment.
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