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Abstract

The primary aim of this study was to test the hypothesis that adolescent binge drinkers, but not
lighter drinkers, would show signs of impairment on tasks of affective decision-making as
measured by the lowa Gambling Test (IGT), when compared to adolescents who never drank.

We tested 207 10th grade adolescents in Chengdu City, China, using two versions of the IGT, the
original and a variant, in which the reward/punishment contingencies were reversed. This enables
one to distinguish among different possibilities of impaired decision-making, such as insensitivity
to long-term consequences, or hypersensitivity to reward. Furthermore, we tested working
memory capacity using the Self-ordered Pointing Test (SOPT). Paper and pencil questionnaires
were used to assess drinking behaviors and school academic performance.

Results indicated that relative to never-drinkers, adolescent binge drinkers, but not other (ever,
past 30-day) drinkers, showed significantly lower net scores on the original version of the IGT
especially in the latter trials. Furthermore, the profiles of behavioral performance from the original
and variant versions of the IGT were consistent with a decision-making impairment attributed to
hypersensitivity to reward. In addition, working memory and school academic performance
revealed no differences between drinkers (at all levels) and never-drinkers. Logistic regression
analysis showed that after controlling for demographic variables, working memory, and school
academic performance, the IGT significantly predicted binge-drinking.

These findings suggest that a “myopia” for future consequences linked to hypersensitivity to
reward is a key characteristic of adolescents with binge-drinking behavior, and that underlying
neural mechanisms for this “myopia” for future consequences may serve as a predisposing factor
that renders some adolescents more susceptible to future addictive behaviors.
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1. Introduction

Although some studies have investigated the role of the Pre-frontal Cortex (PFC) in the
vulnerability to experimentation with alcohol, and the acquisition of alcohol disorders in
adolescents, most of these studies have focused on the role of the “cold” cognitive aspects of
executive functions (EF) in alcohol use, which have been linked to the dorsolateral sector of
the prefrontal cortex (DLPC) (Finn, Mazas, Justus, & Steinmetz, 2002; Hartley, Elsabagh, &
File, 2004; Sher, 2006; Thush & Wiers, 2007;Zeigler et al., 2005; Zetteler, Stollery,
Weinstein, & Lingford-Hughes, 2006). Relatively few studies have addressed the “hot”
cognitive aspects of EF in alcohol and other substance use, which have been more linked to
the orbital/ventromedial sector of the prefrontal cortex (OFC/VVMPC) (Overman et al.,
2004). In this study, we examined the affective decision-making ability measured by the
lowa Gambling Test (IGT) in adolescent drinkers. The IGT has been shown to tax aspects of
decision-making that are guided by affect and emotions (Bechara, 2003; Turnbull, Evans,
Bunce, Carzolio, & O’Connor, 2005). We hypothesized that binge drinkers would show
relatively poor measures of affective decision-making relative to other drinkers and/or never
drinkers. The rationale was that poor affective decision-making, as measured by the IGT,
would predispose individuals to poorly controlled substance use, as they become more likely
to be lured by immediate reward, or more oblivious to the negative future consequences of
their choice.

Much evidence shows that there are protracted maturational changes in top-down PFC
systems relative to subcortical systems during the transitional period of adolescence (Giedd,
2004; Gogtay et al., 2004; Spear, 2000; Toga, Thompson, & Sowell, 2006). However, the
PFC is relatively large, and its functions are heterogeneous (Faw, 2003; Kolb, Pellis, &
Robinson, 2004). These “supervisory” functions of PFC can be further categorized into
cognitive control or “cold” EF, which flexibly regulates thoughts and actions in the presence
of competing goals (Durston & Casey, 2006; Miller & Cohen, 2001), and affective control
or “hot” EF, which strategically controls feelings in the service of a goal (Dahl, 2003; Kerr
& Zelazo, 2004). Studies in neuroimaging and neuropsychology have shown that cognitive
and affective control associate with different but interacting subregions of the PFC—the
DLPC and the OFC/VMPC, respectively (Kringelbach, 2005; Miller & Cohen, 2001;
O’Doherty, Kringelbach, Rolls, Hornak, & Andrews, 2001; Oya et al., 2005). Development
studies have indicated that maturation of the OFC/VMPC, and especially the frontal pole
(e.g., Brodmann’s Area 10) might be a developmentally distinct process from maturation of
other regions of the frontal lobe, and cognitive control functions might mature earlier than
do affective control functions (Crone & van der Molen, 2004; Hooper, Luciana, Conklin, &
Yarger, 2004). This immature period of the OFC/VMPC perhaps explains why adolescents
are often capable of understanding the risks and consequences of their actions, despite
making disadvantageous decisions (Cauffman & Steinberg, 2000), which suggests that
cognitive control functions are already in place, whereas affective control is still developing
(Steinberg, 2005). Thus, examining the affective control functions in adolescents might be
important to understanding their reward-seeking behavior, such as alcohol consumption.

Affective control is essential for adequate functioning and is likely to have an effect on a
number of behaviors in which positive and negative affective consequences must be acted
on adaptively. Among several useful measures to assess affective control functions

Neuropsychologia. Author manuscript; available in PMC 2012 November 15.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Johnson et al.

Page 3

(Bechara, Damasio, Damasio, & Anderson, 1994; Elliott, Friston, & Dolan, 2000; Ernst et
al., 2004; Rogers et al., 1999), we employed a widely used measure— lowa Gambling Test
(IGT) (Bechara et al., 1994) —to assess the affective decision-making ability of a group of
Chinese adolescents. Compared to other tasks, which assess brain functions related to the
calculation of probability or expected value, IGT requires participants to learn and infer
from their past experience (such as reward and punishment encountered during the task)
about outcome probabilities (Bechara, 2004a, 2004b). Affective and emotional systems play
a critical role in such learning processes. The decision-making of neurologically developed
and intact participants is guided by an emotional signal that assigns negative value for the
disadvantageous choices and positive value for advantageous choices, thereby leading
behavior towards long term favorable options. Several developmental studies have
demonstrated that there is significant and steady improvement on the IGT or IGT analogous
tasks during early adolescence to adulthood (Crone & van der Molen, 2004; Hooper et al.,
2004; Overman, 2004). These findings parallel other studies, which show that the prefrontal
cortex may not develop fully until the age of 21 (Giedd, 2004; Gogtay et al., 2004).
Although all adolescents might still be undergoing developmental changes in the prefrontal
region (i.e., having a “premature” prefrontal cortex), and by and large be mostly susceptible
to making suboptimal or “risky” decisions compared to adults, we investigated in this study
the individual variability among the adolescents at similar age. We attempted to identify
those who might be at a higher risk for making bad decisions, which potentially may
translate into real life risky behaviors, such as alcoholism and drug dependence. It remains
to be determined whether a relatively abnormal poor decision-making capacity as measured
by the IGT will serve as an early neurocognitive marker that may help identify at-risk
adolescent individuals. This early identification could be useful for prevention.

The IGT has two versions: the original and the variant. In the original version, the
disadvantageous decks of cards yield higher immediate rewards but unpredictable and larger
delayed punishments, while the advantageous decks provide lower immediate gains but
unexpected and smaller future losses. In the variant version, the schedules of reward and
punishment contingencies are reversed, so that the advantageous decks yield immediate
losses but even higher future rewards, and the disadvantageous decks offer lower immediate
punishments but even lower long-term rewards. The variant version was developed to
address the question of whether hypersensitivity to immediate reward and/or insensitivity to
long-term consequences might account for the choice of the disadvantageous decks on the
original version (Bechara, Tranel, & Damasio, 2000; Bechara, Dolan, & Hindes, 2002). For
example, although patients with VMPC brain damage and the Substance Dependence
Individuals (SDI) showed similar disadvantageous choices on the original version, they
performed very differently on the variant version. VMPC patients still performed badly but
one large subgroup of SDI per-formed normally (Bechara, Tranel et al., 2000; Bechara et al.,
2002). These results were interpreted to suggest that although both VMPC patients and SDI
were “myopic” for the future, the underlying mechanisms were different: VMPC patients
were insensitive for future consequences, positive or negative (Bechara, Tranel et al., 2000;
Bechara et al., 1994) while some SDI were hypersensitive to immediate reward (Bechara et
al., 2002).

Because hot and cold executive functions diverge in their maturational trends and may have
different implications for binge-drinking, cognitive performance associated with cold
cognition is also important to consider. One of the specific and most well-researched
cognitive functions in this domain is working memory. Good working memory helps
individuals keep competing considerations “online” (Kane & Engle, 2002), even whenfaced
with other demands on cognitive resources (e.g., carrying on a conversation, considering
peer’s opinions). Without good working memory, multiple considerations are not as likely to
be kept active or “online” for any decisions, and explicit memory retrieval is less effective
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(De Neys, Schaeken, & d’Ydewalle, 20053, 2005b; Kane & Engle, 2000). Therefore, a
smaller subset of learned effects (only the most spontaneously activated ones) is available to
influence behavior.

In this study, we used the Self-ordered Pointing Test (SOPT) (Peterson, Pihl, Higgins, &
Lee, 2002) to assess working memory capacity, utilizing a task developed by Petrides and
Milner (Petrides & Milner, 1982). The task is feasible for use in field research with
adolescent participants. This task requires in each trial, an individual to memorize a
maximum number of 12 items, either visually or phonologically encoded, and hold them
“online” for further operations. Because there are 6 trials of the SOPT, the maximum
capacity is not required in the first trial but the amount of information increases
cumulatively over the course of each trial. This process resembles that of transient online
storage (Perry et al., 2001), or active monitoring and retrieving of the increasing amount of
information (Petrides, 1995) in the concept of working memory. This task has been linked to
neural activity within the Dorsolateral Prefrontal Cortex (DLPC) (Petrides, Alivisatos,
Meyer, & Evans, 1993) and has been used to assess working memory capacity in several
studies (Chaytor & Schmitter-Edgecombe, 2004; Chey, Lee, Kim, Kwon, & Shin, 2002;
Pukrop et al., 2003; Ward, Shum, McKinlay, Baker-Tweney, & Wallace, 2005). Moreover,
studies have shown that working memory is highly related to general cognitive functions
such as reading, mathematics, and reasoning (Colom, Rebello, Palacios, Juan-Espinosa, &
Kyllonen, 2004;Engle, Cantor, & Carullo, 1992; Jarrold & Towse, 2006). Therefore, we also
ask the participants to report their school academic performance.

In this study, we focus on binge-drinking behavior because binge-drinking in youth
represents poorly controlled alcohol consumption and is highly predictive of alcohol abuse
and dependence in the future (Bonomo, Bowes, Coffey, Carlin, & Patton, 2004; Jennison,
2004). Our primary hypothesis is that binge drinkers will demonstrate signs of worse
decision-making than never-drinkers, as reflected by lower scores on the original version of
the IGT. Since hyperactivity of the reward system in the adolescent brain has been
implicated in their risky behaviors (Ernst et al., 2005; May et al., 2004), we predict that the
binge drinkers will perform normally on the variant version of the IGT, which indicates that
the “myopia” for the future among binge drinkers is due to their hypersensitivity to reward.
Furthermore, studies have reported that decision-making and working memory functions
have an asymmetrical relationship (Bechara, Damasio, Tranel, & Anderson, 1998; Bechara,
Damasio, & Damasio, 2000), i.e., poor working memory related to dorsolateral prefrontal
cortex damage can compromise decision-making, but poor decision-making related to OFC/
VMPC damage can occur independent of any working memory deficits. Developmental
studies have suggested that maturation of the OFC/VMPC, might be a developmentally
distinct process from maturation of other regions of the frontal lobe (Crone & van der
Molen, 2004; Hooper et al., 2004). Other studies have shown that adolescents make
disadvantageous decisions, yet they seem to have a mature capacity to reason and to explain
reward probabilities (Crone, Jennings, & Van der Molen, 2004; Crone, Somsen, Van Beek,
& Van Der Molen, 2004). Therefore, we anticipate that poor decision-making in binge
drinkers is not due to deficits in their “cold” dorsolaterally mediated executive functions,
and thus we expect normal scores on working memory and school academic performance,
but poor performance on the original version of the IGT.

2. Methods

2.1. Sample

The data collected in this study support the Pacific Rim Transdisciplinary Tobacco and
Alcohol Use Research Center investigation of the determinants of tobacco and alcohol use
and abuse among youth in China. All research protocols and instruments were approved by
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the USC and Chengdu, China CDC IRB’s. With the assistance of the municipal Education
Committee and the Chengdu Center for Disease Control and Prevention (CCDCP), in
Chengdu City, Sichuan Province, four schools were recruited for the study. To ensure
maximum variability across the student sample, two academic high schools, one of high-
and one of low/middle academic status, and two vocational schools, one of middle- and one
of low academic status, were selected. School administrators and teachers from the selected
schools agreed to participate in the research after receiving a thorough explanation of the
project from the CCDCP staff. One 10th grade class from each of the four schools was
randomly selected, and a total of 223 students were invited to participate. Students
voluntarily took part in the study and were told that they could discontinue their
participation at any time. Out of that total, sixteen participants were excluded from the data
analysis due to computer malfunctions or failure to complete the survey or follow
instructions on the SOPT. The analytic data set included 207 participants (92.8% of total
participants).

2.2. Measures

Study measures included two computer-assisted neurocognitive assessments and a paper-
and-pencil self-report questionnaire. The questionnaires and instructions for each
neuropsychological task were translated into Mandarin Chinese (the only language used in
the surveys) and back-translated prior to use.

2.2.1. lowa Gambling Task (IGT)—As described in previous studies (Bechara et al.,
1994; Bechara, Damasio, Damasio, & Lee, 1999), the original and variant version of the
IGT are computerized versions of the gambling task with an automated and computerized
method for collecting data. In the Original Version of the IGT, four decks of cards labeled
A’, B, C and D are displayed on the computer screen. The backs of the cards resemble
real decks of cards. The participant starts the task with a sum of make-believe money in his
or her account (i.e. $2000), represented by a green bar that changes in length as the
participant “wins” or “loses” money during the task. The subject is required to select one
card at a time from one of the four decks. When the subject selects a card, a message is
displayed on the screen indicating the amount of money the subject has won or lost. The pre-
programmed schedules of gain and loss are controlled by the computer. Turning each card
can bring an immediate reward of $100 in Decks A’ and B and $50 in Decks C’ and . As
the game progresses, there are also unpredictable losses among the card selection. Total
losses amount to $1250 in every 10 cards in Decks A" and B’ compared to $250 in Decks C’
and D. Decks A’ and B’ are equivalent in terms of overall net loss, and Decks C’ and D’ are
equivalent in terms of overall net gain over the course of the trials. The difference is that in
Decks A’ and C, the punishment is more frequent but of smaller magnitude. Whereas in
Decks B’ and [, the punishment is less frequent but of greater magnitude. Thus, Decks A’
and B’ are disadvantageous because they yield high immediate gains but greater losses in
the long run (i.e. net loss of $250 for every 10 cards), and Decks C’" and D’ are advantageous
in that they yield lower immediate gains but smaller losses in the long run (i.e. net gain of
$250 for every 10 cards). After the original version of the IGT is completed, its net score is
obtained by subtracting the total number of selections from the disadvantageous decks (A’ +
B) from the total number selections from the advantageous decks (C' + D’). The variant
version of the IGT is the same as that used in the previous study (Bechara et al., 2002). The
appearance and operation of this task is very similar to the original version, with exception
of the order of the cards and the payment schedule. In this task, the punishment is immediate
while the reward is delayed. Schedules of Decks £ and G’ are designed to be advantageous
in the way that the net difference between the immediate losses and future rewards in these
decks increased in the positive direction across each block of 10 cards (i.e. toward larger
gains). By contrast, the schedules of Decks ~ and A are designed to be disadvantageous in
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the manner in which the net difference in these decks increased in the negative direction
across each block of 10 card (i.e. toward larger losses). Deck £: The immediate punishment
is on average $100 for each selection of the first 10 cards. In this first block of 10 cards,
there is one unpredictable reward of $1250. In each subsequent block, the average
immediate punishment goes up $15 (i.e. $150 in 10 cards), while the magnitude of delayed
reward increases $195 in each block. When one adds the rewards versus the penalties in
each block, there is a net gain of $250 in the first block. The net gain goes up in increments
of $45 in each subsequent block until it reaches $475 in the sixth block. Deck G: In the first
block of 10 cards the immediate punishment averages $100 for each card selection. In this
first block, there are five unpredictable delayed rewards ranging from $150 to $350 each
(total $1250), amounting to a net gain of $250. In the remaining five blocks, immediate
punishment remains the same, but the frequency of delayed reward drops gradually until it
reaches 20% in the sixth block (i.e. an average drop of 6% in each block). The magnitude of
these delayed rewards is adjusted so that the net gain increases by an average of $45 in each
block, until it reaches a net gain of $475 in the sixth block. Overall, the net gain incurred by
Deck Gis equal to that of Deck £. Deck F. This deck parallels Deck G except in the
opposite direction. In the first block of 10 cards, the immediate punishment is $50 on an
average for each selection of a card. In this first block, there are five unpredictable rewards
ranging from $25 to $75 each (total $250). The outcome is a net loss of $250. In the
remaining five blocks, the immediate punishment remains the same, but the frequency of
delayed reward drops gradually until it reaches 20% in the sixth block (an average drop of
6% in each block). The magnitude of these delayed rewards is adjusted so that the net loss
increases by an average of $45 in each block, until it reaches $475 in the sixth block. Deck
H: This deck parallels Deck £ except in the opposite direction. In the first block of 10 cards,
the immediate punishment is $50 on average. In this first block, there is one unpredictable
reward of $250. In each subsequent block, the average immediate punishment goes up $5
(i.e. total $50), while the magnitude of reward increases only $5. The outcome is a net loss
of $250 in the first block. The net loss goes up in increments of $45 in each subsequent
block until it reaches $475 in the sixth block. Overall, the net loss incurred by Deck Fis
equal to H. The net score on the variant version of the IGT is calculated by subtracting the
total number of selections from the disadvantageous Decks (F + H’) from the total number
selections from the advantageous Decks (£ + G’).

2.2.2. Self-ordered pointing test (SOPT)—We used a computerized version of the
SOPT (Peterson et al., 2002) which was based upon a task originally developed by Petrides
and Milner (1982). The SOPT has both verbal and non-verbal components with three trials
of each. In the verbal component, subjects view pictures of concrete, nameable objects
(clock, book, bus, etc.); whereas in the non-verbal component, subjects view abstract
designs that are difficult to name or encode verbally. In each trial, 12 pages are presented
sequentially, with each page depicting the same 12 pictures, but in a different spatial
arrangement each time. Subjects are instructed to point to a different picture on each
presentation. The total number of correct selections of different pictures represents the
working memory score. There is a maximum possible score of 12 on each trial and a total of
72 for all 6 trials. In our study, the internal consistency across the 6 trials was 0.86.

2.2.3. Questionnaire measurements

2.2.3.1. Drinking behaviors. Ever drinking was assessed using the following item: During
your life, on how many days have you had at least one drink of alcohol?” The response
options ranged from “0 day” to “100 or more days”. Past 30-aay drinking was assessed
using the following item: “During the past 30 days, on how many days did you have at least
one drink of alcohol?” The response options ranged from “0 day” to “All 30 days”. Binge-
drinking was assessed using the following item: “During the past 30 days, on how many
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days did you have 4 or more drinks of alcohol in a row, that is, within a couple of hours?
The response options range from “0 day” to “20 or more days”. Although 5 or more drinks
for males and 4 or more drinks for females is typically taken as the definition of binge-
drinking in western populations, we opted to define binge-drinking as 4 or more drinks for
both males and females in this study because of the generally lower body mass of Chinese
youth. These three questions were classified into four drinking categories of participants:
never-drinkers who were defined as those who reported never having had one drink of
alcohol in their life, ever-drinkers who were defined as those who had had at least one drink
of alcohol in their life but not in the past 30 days, past 30-day drinkers who were defined as
those who had had at least one drink of alcohol but did not consume 4 or more drinks of
alcohol in a row in the past 30 days, and binge-drinkers who were defined as those who had
had 4 or more drinks of alcohol in a row on at least one occasion in the past 30 days.

Drinking problems were assessed using the following item: “Indicate if any of the following
things may have happened to you because of drinking alcohol within the past one year (mark
all that apply).” The participants responded to the following 12 situations: “I was not able to
do my homework or study for a test”, “I got into fights with other people (friends, relatives,
strangers)”, “I went to school drunk”, “I caused shame or embarrassment to someone”, “I
neglected my responsibilities”, “I was told by a friend, neighbor or relative to stop or cut
down drinking”, “I felt that | needed more alcohol than I used to in order to get the same
effect”, “I tried to control my drinking (for example: tried to drink only at certain times of
the day or in certain places)”, “I missed a day (or part of a day) of school”, “I suddenly
found myself in a place that | could not remember getting to”, “I passed out or fainted
suddenly’, “I kept drinking when I promised myself not to”. Each response was assigned the
score 1" or ‘0, which represent whether the corresponding response had been marked by
participants or not, respectively. The score for drinking problems was the sum of the 12
items.

2.2.3.2. School academic performance: Students self-reported their academic performance
in school by answering the following question: “What is your usual academic performance
at your current school or the last school where you received grades?” The five response
options ranged from: ‘Mostly A’s, or 90 or more points, or Superior’ to ‘Mostly F's, or
Below 60 points, or Failing’. A higher score represented a higher academic performance.

2.3. Procedures

Trained data collectors from the CCDCP and the University of Southern California provided
written and verbal instructions to the students and administered the computer-based
assessments and questionnaires in temporary computer labs set up at each school. Students
completed the questionnaire and the computer-based assessments (the original and variant
versions of the IGT and SOPT) during a 1-hour period. Students were provided with
earphones to muffle any potentially distracting noises in the environment.

2.4. Data analysis

Data were analyzed with the Statistical Package for the Social Sciences for Windows,
Version, 11.5.0 (SPSS Inc., Chicago, IL). Frequencies were generated to analyze
demographic characteristics such as gender and school type and drinking variables of the
entire sample and each category of drinkers. The gender, school type and drinking variables
among different drinkers were analyzed by )(2 tests. The age among different drinkers was
analyzed with ANOVA. Associations among drinking variables, the original IGT overall net
score, working memory, and school academic performance were calculated as partial
correlations (controlling for age, gender, and school type). For analyzing the profile of the
IGT performance among drinkers we conducted between-within ANOVA tests with “Block”
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as within-subject factor. Differences of means on working memory performance were
calculated using an independent sample ftest. To reveal potential predictors of binge-
drinking, logistic regression models were used with binge-drinking as the dependent
variable and the original IGT overall net scores as the independent variable, conditioning on
demographic characteristics, working memory and academic performance.

Demographic and drinking characteristics of the sample are presented in Table 1. Both
gender and school type were almost equally represented. The proportions of youth with
drinking experience (ever + 30-day + binge) were not significantly different between males
(64.1%) and females (51.9%) or between vocational (59.2%) and academic (56.7%) students
in the whole sample (P> 0.1). Gender and school type also did not reveal any significant
difference in drinkers (at any level) relative to never-drinkers (£> 0.1). However, there was
significant age difference among drinkers (/3 203) = 6.97 £=0.001). Post hoc analysis
showed the past 30-day drinkers were significantly older than other drinkers (never, ever,
and binge) (P< 0.05).

The number of days of having at least one drink of alcohol during the past 30-days was not
significantly different between past 30-day and binge drinkers (P> 0.05). Both past 30-day
drinkers and binge drinkers averaged 3-5 days of drinking in the past month. The highest
number of drinking problems indicated by the past 30-day drinkers and binge-drinkers was
3. They did not differ in the number of drinking problems either. However, both past 30-day
drinkers and binge-drinkers reported significantly more drinking problems than ever-
drinkers (P< 0.05).

3.1. Partial correlations among drinking variables, original IGT, working memory and
school academic performance

Table 2 reports partial correlations among drinking variables, original IGT, working
memory, and school academic performance (adjusting for age, gender, and school type). The
number of drinking days in the past month was significantly correlated with drinking
problems (r =0.41, £< 0.0001). Drinking days in the past month and drinking problems
were not significantly correlated with the original IGT, working memory, or school
academic performance (r< 0.1). Although there was a significant correlation as expected
between working memory and school academic performance (r =0.23, < 0.001), the
original IGT did not significantly correlate with either the working memory or school
academic performance (r< 0.1).

3.2. Behavioral performance on the IGT

We subdivided the 100 card selections into five blocks of 20 cards each in the original
version of the IGT. For each block, we counted the number of selections from Decks A’ and
B (dis-advantageous) and the number of selections from Decks C’ and D’ (advantageous),
and then derived a net score for that block ((C + D) — (A’ + B’)). A net score above zero
implied that the participants were selecting cards advantageously, and a net score below zero
implied disadvantageous selection. Fig. 1 presents the net scores as a function of group
(never, ever, in the past 30 aays, or binge drinkers) and block. The comparison of the plots
shows that, as the task progressed, never-drinkers and ever-drinkers showed similar learning
curves. They gradually switched their preferences toward the advantageous decks (C and
D) and away from the disadvantageous decks (A’ and B’), as reflected by increasingly
positive net scores. A between-within ANOVA test did not reveal any significant difference
in groups (never-drinkers vs. ever-drinkers) (F1 13 = 0.04; P=0.85) or interaction between
groups and blocks (/g 380.4 = 1.37; P=0.24). A block effect (F, g 350.4 = 10.98; £< 0.001)
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was significant after the Greenhouse-Geisser adjustment. The comparison of never-drinkers
vs. past 30-aay drinkers also revealed only a block effect (P < 0.001), and neither a group
effect (never-drinkers vs. past 30-day drinkers) (F1 130 = 0.02; = 0.88) nor an interaction
(group by blocks) effect (/7.347.4 = 0.17; P=0.95). These findings confirm that compared
with never-drinkers, ever-drinkers and past 30-day drinkers did not differ in either their
learning curves or overall net scores on the original version of the IGT.

Binge-drinkers showed a distinctly different pattern, however. Although binge-drinkers
seemed to shift toward the good decks (decks with more favorable payoffs) initially, they
did not select significantly more cards from the advantageous decks than from the
disadvantageous ones even in the last block on the original version of the IGT (P> 0.05, net
score in each block comparing to the score of 0). A between-within ANOVA test found a
significant main effect for groups (never-drinkers vs. binge-drinkers) (F1 107 = 4.45; P<
0.05) and blocks (£, 5 272 = 3.29; P< 0.05) after the Greenhouse-Geisser adjustment. The
interaction between groups and blocks was not significant.

Previous research showed that the IGT taps into two decision-making contexts, decisions
under ambiguity in the first trials and decisions under risk in the latter trials (Brand,
Recknor, Grabenhorst, & Bechara, 2007). We therefore computed the original IGT net score
in the first 50 cards selected and last 50 cards selected. An independent sample #test showed
that binge-drinkers did not differ significantly in the first 50 cards selected compared to
never-drinkers (mean + S.D. = 3.91 13.05 vs. — 0.23 + 10.93 respectively, £> 0.05).
However, + — binge-drinkers performed significantly worse relative to never-drinkers in the
last 50 cards selected (mean S.D. = 2.19 15.03 5.13 respectively, — vs. £ 13.05, £< 0.05).
+These results demonstrate + that compared to never-drinkers, binge-drinkers showed worse
IGT performance, as reflected by significantly lower overall IGT net scores especially in the
latter trials of the original IGT.

In light of more recent evidence reporting that individuals, especially adolescent girls, have
a preference for decks with infrequent punishments (Decks Band D) (Overman et al., 2004),
we looked further into patterns of scores from the four decks. In the whole sample, the 207
adolescents selected 44.44 9.54 cards (mean % S.D.) from decks with infrequent
punishments + (Decks Band D) and 55.56 9.54 cards from decks with frequent punishment
(Decks Axand C). The difference was significant (69 = 8.38; £< 0.001). Then the question
was whether the different performance on the IGT between binge drinkers and never
drinkers could be explained by choosing decks with infrequent punishments versus decks
with frequent punishments. The number of card selections from each deck is plotted by
drinking status across the five blocks of 20 cards each in Fig. 2. The results show that
compared to never drinkers, binge drinkers selected marginally significantly more from
disadvantageous Deck B (£ 197 = 3.17; £< 0.08) and marginally significantly less from
advantageous Deck C (107 = 2.95; < 0.09). However, the difference in card selections
between decks with infrequent punishment (Decks Band D) and decks with frequent
punishment (Decks A and C) was not significant in binge drinkers relative to never drinkers
(o7 =0.72; P=0.48). There was no gender difference in such selections among the
different groups of drinkers. Those results demonstrate that although adolescents chose
significantly more cards from the decks with infrequent punishment (Decks Band D) than
from the decks with frequent punishment (Decks A and C), the fact that binge drinkers
performed worse on the IGT relative to never drinkers could not be explained by their
preference for the decks with infrequent punishment.

Fig. 3 presents the variant version of the IGT net scores by drinkers (drinking never, ever, in
the past 30 days, or binge) across five blocks of 20 cards each. In this task, ever, past 30-day
drinkers, and binge-drinkers all showed similar behavior performance compared to never
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drinkers. A between-within ANOVA test in groups (never-drinkers vs. ever-drinkers)
revealed only a significant block effect (£2.9,403.2 = 5.81; £< 0.001) after the Greenhouse-
Geisser adjustment, but did not reveal any significant difference in groups (never-drinkers
vs. ever drinkers) (Fy 138 = 1.69; P=0.20) or interaction between groups and blocks
(F2.9.4032 = 1.09; P=0.36). The comparison of never-drinkers vs. past 30-aay drinkers also
revealed only a block effect (/6 349.9 = 5.43; £<0.001), and neither a group effect (never-
adrinkers vs. past 30-aay drinkers) (Fy 130 = 0.11; P=0.73) nor an interaction (group by
blocks) effect (/2 6,349.9 = 0.37; = 0.83). Although binge drinkers performed poorly on the
originally IGT, they performed normally on the variant IGT. The comparison of never-
arinkers vs. binge drinkers revealed neither a group effect (never-drinkers vs. binge
drinkers) (F1 107 = 0.45; P=0.50) nor an interaction (group by blocks) effect (/83025 =
0.65; P=0.62) but only a block effect (/g 3025 = 4.93; £<0.001). Therefore, no
significant difference in the main effect in the variant IGT of group or interaction effect
between groups and blocks was found in each comparison of drinkers (at any level) and
never-drinkers. They all gradually switched their preference toward the good decks (£ and
G’) which provided immediate losses but even higher future rewards and away from the bad
decks (F and A") which yielded lower immediate punishments but even lower long-term
rewards, as reflected by increasingly positive net scores. However, as we mentioned before,
on the original version of the IGT, relative to never-drinkers, binge-drinkers had selected
significantly more cards from the disadvantageous decks which provided large rewards but
even larger unpredictable future punishments instead of the advantageous decks which
offered small reward but even smaller later punishments. Thus, these findings indicate that
the impaired performance of binge-drinkers on the original version of the IGT is not due to
their insensitivity to future consequence but their hypersensitivity to large reward.

Ever-drinkers seemed to have learned faster than the other three groups on the variant IGT.
However, between-within ANOVA tests did not reveal statistically significant differences
among groups (ever-drinkers vs. never/past 30-day/binge-drinkers) or an interaction effect
between groups and blocks (£ > 0.1). Although these results could have been indicative of
ever-drinkers having a more explorative style, further studies are needed to address this
possibility.

3.3. Working memory and school academic performance

Table 3 shows the mean scores of working memory and school academic performance by
drinking involvement (never, ever, in the past 30 days, binge). The independent sample ¢
tests revealed no differences on working memory and school academic performance for
drinkers (at any level) compared to never-drinkers (P> 0.1).

3.4. Variables predicting binge-drinking

Logistic regressions were performed to predict binge-drinking behavior. Original IGT
overall net score, demographic variables, working memory, and academic performance were
entered in the model. Results are presented in Table 4. Age produced a significant increase
in the predictive power of the model (< 0.05, OR = 0.37, 95% CI = 0.16, 0.89). Gender,
school type, working memory and school academic performance did not predict binge-
drinking behavior. After adjusting for demographic variables, working memory and
academic performance, IGT was a significant predictor of binge-drinking behavior (P <
0.05, OR =0.98, 95% CI = 0.95, 0.99). Better IGT performance predicted less binge-
drinking.
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4. Discussion

To our knowledge, there has been only one previous study to show that deficits in affective
decision-making (as measured by an analogous IGT task) are associated with heavy alcohol
use in adolescents (Overman et al., 2004). The current study presents a more detailed
analysis than Overman and is in part an extension of that study. By avoiding heavy,
prolonged substance abuse, the study provides support for a potential pre-existing neural
basis for development of substance abuse in adolescence. This is the first study to apply
laboratory-based neuropsychological assessments to the normal adolescent population in
China, extending the generalizability of the relationship between affective decision-making
and substance use across cultures.

The key finding of this study supports our primary hypothesis that adolescent binge drinkers
would show impaired IGT performance, as reflected by significantly lower overall net
scores on the original version of the IGT especially in the latter trials, in comparison to
never-drinkers. Furthermore, binge-drinkers performed normally on the variant version of
the IGT, supporting our secondary hypothesis that hypersensitivity to reward accounts for
the observed “myopia” regarding the future. Finally, binge-drinkers showed normal scores
on working memory capacity and academic performance, and logistic regression analysis
showed that after controlling for the demographic variables, working memory and academic
performance, the IGT significantly predicted binge-drinking. Thus, as we expected, the
impaired performance on the original version of the IGT cannot be attributed to poor
working memory. These findings indicate that decision-making impairment can be separated
from general cognitive intelligence impairment, consistent with an OFC/VMPC dysfunction
but not a DLPC dysfunction.

In this study, binge-drinkers performed worse in the IGT relative to never-drinkers
especially in the latter trials of the original IGT. This response pattern can be understood at
least partially in the light of previous research showing that the IGT taps into two decision-
making contexts, decisions under ambiguity in the first trials, and decisions under risk in the
latter trials (Brand et al., 2007). Thus, these results suggest that binge-drinkers might have
developed some awareness or gut feeling about the relative payoffs of good and bad decks in
the early trials, but over the set of later blocks did not choose the advantageous decks in a
manner similar to non-binge drinkers. Consistent with the original IGT results which suggest
that binge-drinker showed impaired decision-making capacity, especially the decisions
under risk, adolescent binge-drinkers performed normally on the variant version compared
to never-drinkers. Taken together, these results provide support for the hypothesis that the
failure of binge-drinkers to decide advantageously is due to hypersensitivity to reward.
These results are consistent with many previous studies, which demonstrated the willingness
of adolescents to take social, physical, and financial risks to obtain arousing, novel, and
rewarding experiences associated with alcohol and other substance use (Donohew et al.,
1999; Martin et al., 2002).

To our knowledge, there is only one previous study to investigate affective decision-making
relative to adolescent drinking and other substance use behavior with an IGT analogous task
(Overman et al., 2004). Although the researchers in that study did not distinguish different
levels of drinking as we did, they found that poly-substance use was negatively correlated
with performance on the IGT analogous task and individuals preferred selecting cards from
decks with infrequent punishments (Decks Band D). Our study captures an earlier stage in
progression across abuse trajectories, and provides additional evidence to support the
hypothesis that diminished decision-making capacity might be a causal factor in the
progression toward habitual and abusive levels of alcohol use. Indeed, our results are
consistent with Overman’s report (2004) that people have a preference for decks with
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infrequent punishment (Decks Band D). However, this tendency could not explain the
underperformance of binge drinkers on the original IGT relative to never drinkers. The
results from our study suggest that the apparent failure in decision-making of binge-drinkers
may stem from their inability to suspend a dominant approach set induced by immediately-
rewarded choices, rather than their insensitivity to long-term consequences. In other words,
their affective response to the immediate reward is so potent that any negative signal about
future consequences becomes relatively ineffective, and perhaps overridden by immediate
reward.

This is a behavioral study, and we can only speculate about underlying neural mechanisms
underlying hypersensitivity to reward in adolescence from several lines of previous research.
Several studies suggest that exaggerated processing of reward in adolescents might be linked
to the amygdala-ventral striatum system (Andersen, 2003; Dahl, 2004; Nelson, Leibenluft,
McClure, & Pine, 2005); this system is important for automatic and obligatory affective/
emotional responses and stimulus-reward (incentive) learning (Bechara, Damasio, &
Damasio, 2003; Bechara, 2004a, 2004b; Buchel, Morris, Dolan, & Friston, 1998). Other
research demonstrates that the prefrontal cortex may not develop fully until the age of 21
(Giedd, 2004; Gogtay et al., 2004), suggesting that the ability to exercise control over
powerful temptations is still developing through adolescence. Therefore, some researchers
have proposed that the lag in development between the prefrontal lobe and subcortical
regions among adolescents may underlie poor decision-making that predisposes some
adolescents to drug use and ultimately, addiction (Chambers, Taylor, & Potenza, 2003;
Galvan et al., 2006).

Our finding that working memory was strongly correlated with school academic
performance is consistent with previous studies, which indicates that working memory is
highly correlated with fluid intelligence (Kane & Engle, 2002), and other high-level
cognitive skills such as reading, mathematics, and reasoning (Colom et al., 2004; Engle et
al., 1992; Jarrold & Towse, 2006). Compared to never-drinkers, binge-drinkers performed
normally on the working memory and scored normally on the school academic performance.
In addition, the original IGT significantly predicted the binge-drinking behavior after
controlling for the working memory, school academic performance, and other demographic
variables. These results suggest that the decision-making impairment among binge drinkers
did not result from the type of general cognitive intelligence impairment most likely
revealed by tests of working memory (i.e., fluid intelligence). This finding agrees with
previous reports of asymmetrical dependent relationship between working memory and
decision-making (Bechara & Martin, 2004). That is, working memory is not dependent on
the intactness of decision making, while decision-making seems to be influenced by the
intactness or impairment of working memory. Therefore, subjects can have deficits in
decision-making in the presence of normal working memory. But poor working memory can
compromise decision-making. Such an asymmetrical dependent relationship is also
supported by several lines of evidence, which suggest that the OFC/VMPC plays a critical
role in coupling “cold” cognitive systems dependent on DLPC systems and “hot” affective
and emotional systems, such as the mesolimbic reward system, which assigns affective/
emotional value to individual experiences associated with reward and punishment
(Anderson, Barrash, Bechara, & Tranel, 2006; Beer, John, Scabini, & Knight, 2006; Fellows
& Farah, 2005; O’Doherty et al., 2001; Oya et al., 2005).

It is unlikely that the SOPT was too simple a task to detect individual differences because
there was no ceiling effect in our study. Moreover, another study has demonstrated that
compared to the brain processes assessed by other working memory tasks, the one taxed by
an SOPT-similar task develops later in adolescence (Luciana, Conklin, Hooper, & Yarger,
2005). Thus, although considerable evidence shows that both the anterior and medial sectors
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of the OFC/VMPC and DLPC (especially Brodmann’s Area 10) continue to develop
throughout adolescence, and they are among the last brain regions to mature (Fuster, 2002;
Giedd, 2004; Gogtay et al., 2004; Paus, 2005; Spear, 2000), our results are consistent with
the notion that difficulty with affective regulation in adolescents cannot be explained by
their cognitive intelligence (Steinberg, 2005). Previous studies also indicate that in
adolescents, developmental improvements in the IGT performance could not be explained
by developmental changes in working memory capacity and inductive reasoning (Crone &
van der Molen, 2004; Hooper et al., 2004; Overman et al., 2004). Indeed, adolescents are
often capable of explaining reward probabilities, despite making disadvantageous decisions
(Crone, Jennings et al., 2004; Crone, Somsen et al., 2004). Many aspects of adolescent
cognitive functions have been shown to be equivalent to those of adults under laboratory
situations, but they show greater deterioration under more real-life, stressful conditions
(Steinberg, 2004); adolescents with well-developed decision-making abilities demonstrated
under non-emotional conditions seem to have a much more difficult time making a
responsible choice under intense emotional arousal (Arnsten & Shansky, 2004). Therefore,
our results suggest that binge-drinkers share the same logical competencies of other
adolescents, but their actual decision-making ability was relatively compromised.

In the present study, the relationship between affective decision-making and binge-drinking
might be affected by other factors such as gender, personality traits, and previous alcohol
consumption. In general, several reports have shown that boys outperform girls on the IGT
(or modified versions for younger children) in infants (Garon & Moore, 2004), childhood
(Crone & van der Molen, 2004), adolescence (Overman, 2004), and adulthood (Reavis &
Overman, 2001). In this study, we looked at the IGT results from males and females
separately, and we found that males marginally significantly selected more cards from
advantageous decks than females in the latter trials. Specifically, compared to males,
females marginally significantly selected more cards from the disadvantageous Deck B (the
deck with infrequent punishment) (see Appendix A). These results are consistent with
previous studies showing that adolescent males chose significantly more advantageous cards
in the latter trials of the IGT than adolescent females, and that the reason for the relative
female underperformance seems to relate to females’ expressing preference for decks with
infrequent punishment, such as Deck B (Overman, 2004). However, the difference in our
results does not seem as robust as that reported elsewhere. There could be several reasons
for these differences, but the most obvious one in this case might be the difference in
culture. Although results from the logistic regression model in our study show that gender
did not predict binge-drinking in these Chinese adolescents, the topic of gender differences
in decision-making, and especially in terms of susceptibility to substance abuse, is an
intriguing topic that warrants intensive research as demonstrated by recent findings (Bolla,
Eldreth, Matochik, & Cadet, 2004; Overman et al., 2004; Preston, Buchanan, Stansfield, &
Bechara, 2007).

Previous studies showed that performance on the IGT is impaired in young people with high
sensation-seeking (Crone, Vendel, & van der Molen, 2003), antisocial personality (Mazas,
Finn, & Steinmetz, 2000), and early-onset schizophrenia (Kester et al., 2006). We measured
a number of personality traits potentially related to binge-drinking, including sensation-
seeking, hostility, aggressiveness, Attention Deficit Hyperactivity Disorder (ADHD),
depression, perceived stress, and impulsivity, but we did not find any confounding effects of
these variables. The IGT net score did not correlate with any personality traits, and the
affective decision-making still significantly predicted binge-drinking behavior after
adjusting for these personality traits and demographic variables (see Appendix B).

The prevalence of drinking behaviors such as ever, past 30-day, and binge-drinking in this
study was similar to one previous large scale study in China (Xing, Ji, & Zhang, 2006). In
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this study, several indicators suggest that it is unlikely that the relationship between the
original IGT and binge-drinking observed in this study could have resulted from structural
or functional neural changes consequent to prior alcohol consumption. First, the results
showed that the days drinking in past month and drinking problem did not correlate with the
original IGT, working memory, and academic performance. Second, binge drinkers in our
sample indicated having drunk just a few days in the past month, and most of them indicated
having had none or only one drinking problem in the past year. Moreover, we found that 15
past 30-day drinkers selected the item “I tried to control my drinking (for example: tried to
drink only at certain times of the day or in certain places)”, suggesting they had drinking
control problems. Although past 30-day drinkers generally performed normally on the
original version of the IGT, the participants with control problems showed marginally
significant lower net scores on original version than other past 30-day drinkers (mean = S.D.
=0.80 13.64 vs. 8.53 17.27, respectively). All these findings — suggest + that a deficit* in
affective decision-making might predate and predis-pose some adolescents to binge-style
drinking. However, this issue cannot be resolved with this cross-sectional study. A
longitudinal approach is necessary.

The notion that poor decision-making might render some adolescents more vulnerable to
binge-drinking is consistent with a previous imaging study that investigated the brain
structures of high-and low-risk youth prior to the time of any extensive alcohol involvement.
It showed that high familial-risk youth had a significantly smaller right amygdala volume
but normal hippocampus volume compared to low-risk youth (Hill, 2004). Other studies
have revealed that among adolescents with alcohol use disorders there were cognitive
functioning problems including working memory impairment and memoryrelated brain
structure alteration (Caldwell et al., 2005; De Bellis et al., 2000; Sher, 2006). Together with
this study, these previous findings might suggest that whereas adolescent alcohol abuse
might lead to some neural function alterations (such as DLPC-hippocampus circuitry
related-memory functions), other neural characteristics of high-risk youth (such as OFC/
VMPC-amygdala circuitry-related emotions and decisionmaking) may predate alcohol use
and may reflect risk factors for, rather than the consequence of, adolescent alcohol abuse.
However, further longitudinal research is needed to detail determinants and consequences of
adolescent alcohol abuse and to identify potential protective factors in order to reduce the
excessive use of alcohol during this critical developmental period.

In conclusion, this study found that binge-drinkers performed poorly on the original version
of the IGT but not on the variant version, and they scored normally on working memory and
school academic performance. It suggests that poor affective decision-making might
predispose adolescents to develop a habit of heavy drinking. Future research should address
whether impaired decision-making in high-risk adolescents is linked to genetics,
environments, or both potential sources of variability. Furthermore, research should address
whether interventions that enhance these high-risk adolescents’ social-emotional capacities
might benefit their real-life decision-making, and thus avert potential alcohol and substance
abuse (Bechara, Damasio, & Bar-On, 2006). Transdisciplinary research on decision-making
integrating neurocognitive and intervention sciences might be a promising way for
improving well-being, and reducing adolescents’ risks for substance use and abuse.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Behavior Performance on Orignal IGT
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Fig. 1.

The original version of the IGT net scores ((C' + D') — (A’ + B")) by drinking status (never,
ever, In the past 30 days, or binge-drinkers) across five blocks of 20 cards expressed as
mean + S.E. Positive net scores reflect advantageous (non-impaired performance) while
negative net scores reflect disadvantageous (impaired) performance.
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Behavioral Performance on Original IGT across Decks

10
——Never -drinkers
9 =0 =Ever -drinkers
= % = Past 30-day drinkers
=0 = Binge-drinkers
8
>
8 7
[a)]
15 -
= 6 .I
g - A
g5 PANY4
o &
2 ~ , =0
3, id
3
1-20 21-40 41-60 61-80 81-100  1-20 21-40 41-60 61-80 81-100  1-20 21-40 41-60 61-80 81-100 1-20 21-40 41-60 61-80 81-100
Deck A Deck B Deck C
Blocks of Cards

Fig. 2.

Page 21

The number of selections from each Deck in the original IGT by drinking status (never,
ever, in the past 30 days, or binge-drinkers) across five blocks of 20 cards each expressed as

mean + S.E.
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Behavior Performance on Variant IGT
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Fig. 3.

The variant version of the IGT the net scores ((£ + G’) — (F + H')) by drinking status
(never, ever, in the past 30 days, or binge-drinkers) across five blocks of 20 cards expressed
as mean + S.E. Positive net scores reflect advantageous (non-impaired performance) while
negative net scores reflect disadvantageous (impaired) performance.
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Table 2

Partial correlations among drinking variables, original IGT, working memory and school academic
performance controlling for age, gender, and school type (A= 207)

M easur es

2 3 4 5
1. Drinking days in past month 041 -0.09 -0.02 -0.03
2. Drinking problems - -001 -0.01 0.08
3. Original IGT - 0.03 0.07
4. Working memory - 0.23™"

5. School academic performance -

Note: Results of two-tailed significance tests are denoted by superscripts.
AAA
P<0.0001,

Ak
P<0.05; IGT, lowa Gambling Task.

Neuropsychologia. Author manuscript; available in PMC 2012 November 15.

Page 24



1X31-)ewiarems 1Xa1-)ew1a1ems

1Xa1-)1ewa1ems

Johnson et al.

Table 3

Working memory and academic performance scores (mean+S.D.) among drinkers and never drinkers

Never-drinkers  Ever-drinkers Past 30-day drinkers  Binge-drinkers

Working memory 60.64 + 7.46 62.89 +5.82 61.40 +£7.00 61.14 +5.16
School academic performance 3.46 +1.07 3.39+1.03 356 +1.16 3.14+1.04
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