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Abstract

Chronic marijuana users (MJ Users) perform poorly on the lowa Gambling Task (IGT), a complex
decision-making task in which monetary wins and losses guide strategy development. This study
sought to determine if the poor performance of MJ Users was related to differences in brain
activity while evaluating wins and losses during the strategy development phase of the IGT. MJ
Users (16) and Controls (16) performed a modified IGT in an MRI scanner. Performance was
tracked and functional activity to early wins and losses was examined. While the MJ Users
continued to perform poorly at the end of the task, there was no difference in group performance
during the initial strategy development phase. During this phase, before the emergence of
behavioral differences, Controls exhibited significantly greater activity in response to losses in the
anterior cingulate cortex, medial frontal cortex, precuneus, superior parietal lobe, occipital lobe
and cerebellum as compared to MJ Users. Furthermore, in Controls, but not MJ Users, the
functional response to losses in the anterior cingulate cortex, ventral medial prefrontal cortex and
rostral prefrontal cortex positively correlated with performance over time. These data suggest MJ
Users are less sensitive to negative feedback during strategy development.
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1 Introduction

Marijuana is the most commonly used illegal drug in the United States and is known to
influence multiple aspects of executive function including impulsivity (McDonald et al.,
2003), attention (Fletcher et al., 1996; Pope et al., 2001), working memory (Miller and
Branconnier 1983) and cognitive flexibility (Bolla et al., 2002; Lane et al., 2007).
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Importantly, chronic marijuana use is associated with deficits in decision-making that impair
the ability to make advantageous decisions over time (Whitlow et al., 2004; Hermann et al.,
2009). While the basis for this deficit has not been completely characterized, successful
strategy development during normal decision-making involves the processing of positive
and negative information, and using this information to guide future decisions towards
achieving a goal (Sutton and Barto 1998; Dayan and Balleine 2002; Camerer 2003).
Understanding the basis of poor strategy development in chronic marijuana users (MJ
Users), therefore, may help explain their deficits in decision-making.

The lowa Gambling Task (IGT) is a complex decision-making task (Bechara et al., 1994)
that has been used to demonstrate deficits in current (Whitlow et al., 2004; Hermann et al.,
2009) and abstinent heavy marijuana users (Bolla et al., 2005). To perform the task,
participants begin selecting cards randomly from four card decks under ambiguous
conditions. Each selection produces a monetary gain or win; however, some selections also
result in a monetary loss. Over time, based on the wins and losses associated with each deck,
two of the decks emerge as advantageous and two disadvantageous. The disadvantageous
decks produce larger immediate gains but larger losses over time while the advantageous
decks yield smaller immediate gains but smaller losses over time.

Performance on the IGT is typically measured by a Net Score which reflects the difference
between selections allocated to advantageous and disadvantageous decks throughout the
task. In the early phases of the task, as participants evaluate win and loss contingencies
associated with deck choices, they develop decision-making strategies that are implemented
in later phases of the task. In previous studies from our lab, no differences in Net Score
between groups were observed in the early strategy development phase of the task as both
Controls and MJ Users chose predominantly from disadvantageous decks (Whitlow et al.,
2004). 1t was only after multiple exposures to win and, in particular, loss evaluation that
Controls generally began shifting their selections to the smaller gain but smaller loss,
advantageous decks. MJ Users, in contrast, generally failed to alter their selection patterns
and continued to select from disadvantageous decks throughout the task. These data are
consistent with other studies that suggest that the evaluation of, and response to, monetary
wins and losses are crucial for the development of successful decision-making strategies and
successful performance as measured by higher Net Scores (Bechara et al., 1994; Bolla et al.,
2005; Lawrence et al., 2009). Therefore, the poor performance of MJ Users on this task
suggests that their processing of wins and losses during the initial phases of the task may
differ significantly from Controls resulting in ineffective strategy development.

Several imaging studies have focused on the role of wins and losses on performance
throughout the IGT. In a cohort of healthy participants, comparing the evaluation of wins
and losses across the entire task revealed that monetary wins produced greater activity in
medial frontal brain areas whereas losses were associated with greater activity in lateral
frontal regions (Tanabe et al., 2007). Lin et al. (2008) observed that the largest monetary
losses on the task produced greater activity in medial frontal and parietal cortical regions,
when compared to control events. Interestingly, MJ Users exhibit altered patterns of
activation in many of these same brain regions while performing other executive function
tasks (Quickfall and Crockford 2006; Chang and Chronicle 2007). While these studies
demonstrate differences in the functional activity induced by wins and losses in healthy
Controls, there have been no studies to date comparing win and loss outcomes in MJ Users
who are known to perform poorly on the task, particularly during the critical strategy
development phase of the task as participants acquire the foundations of their decision-
making strategies. Previous imaging studies of MJ users during performance of the IGT task
have been limited to abstinent users in whom performance was assessed with positron

Psychiatry Res. Author manuscript; available in PMC 2012 January 30.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Wesley et al.

2 Methods

Page 3

emission tomography which did not allow the distinction between various phases of the task,
nor the evaluation of wins and losses separately (Bolla et al., 2005).

The purpose of this study, therefore, was to 1) isolate functional brain activity in Controls
and MJ Users during win and loss evaluation in the strategy development phase of the IGT
before differences in behavioral performance emerge and to 2) examine functional
differences between groups during this sensitive period of the task. Finally, we sought to
identify activity during the strategy development phase predictive of learning on the task.
We hypothesized that MJ Users would display altered brain activity in response to
evaluation during this strategy development phase of the task. Specifically, we expected MJ
Users to show decreased activity during the evaluation of monetary losses.

2.1 Participants

Sixteen MJ Users and 16 age and gender matched non-marijuana smoking Controls were
included in this study (see Table 1). All participants were right-handed. Following an initial
phone screen, participants were invited into the laboratory and agreed to participate in
procedures approved by the Wake Forest University School of Medicine Institutional
Review Board. On the initial visit, participants provided urine samples to test for pregnancy
and drug use and were administered the Structured Clinical Interview for DSM-1V (SCID;
First 1997) as well as the Wechsler Abbreviated Scale of Intelligence (WASI; Wechsler
1999). Exclusion criteria included systemic diseases of the central nervous system, head
trauma, neurological disorders, Axis-I psychiatric disorders (other than marijuana
dependence for the MJ Users), abuse of substances other than nicotine, or an 1.Q. of less
than 80. MJ Users were required to test negative for illicit drugs other than marijuana and
Controls were required to test negative for all illicit drugs. Participants who met all inclusion
criteria were scheduled for a scan visit. MJ Users were asked to abstain from using
marijuana starting at midnight the night before the scheduled scan visit.

2.2 Procedure

On the scan visit, participants arrived at the testing center approximately three hours prior to
the acquisition of their functional MRI scans. Participants provided urine samples to test for
pregnancy and drug use and completed depression (Beck’s Depression Inventory) and
anxiety (Speilberger Test of Anxiety) inventories. At no time did MJ Users report or overtly
exhibit signs of marijuana withdrawal (Budney and Hughes 2006).

Approximately one hour before entering the scanner, participants were trained on the IGT
using a standard laptop computer and button box. As part of the training, participants
visually followed along as task instructions were read aloud by a study technician.
Participants then completed a trial run of the IGT containing 8 gambling events and 2
control events in order to become familiar with the layout and timing of the task. During the
trial run, monetary win and loss contingencies associated with deck selections were
randomized in order to avoid strategy carryover to the scanner task. Participants were made
aware of this distinction and performed an additional trial run if the initial run produced
multiple mistimed events. Participants were informed that the individual who performed the
best on the task would receive a fifty dollar bonus at the end of the study. Although previous
studies have found no difference between smokers and nonsmokers on IGT performance
(Lejuez et al., 2003; Harmsen et al., 2006), participants were given a 15 minute break with
the opportunity to smoke a cigarette to avoid potential confounds of nicotine withdrawal on
functional brain activity (Wang et al., 2007; Xu et al., 2007). Three participants in the MJ
Users group took advantage of the opportunity to smoke a cigarette.
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2.3 lowa gambling task (IGT)

In the MRI scanner a modified version of the IGT was presented on MR compatible
goggles, and responses were recorded on a button box positioned under the right hand.
Before the task onset participants followed along as the task instructions were read aloud. As
part of the instructions, emphasis was placed on the key role that monetary losses play in
solving the task. The instructions were read as follows:

In front of you are four decks of cards: A, B, C, and D. When the game begins, you
will see instructions to “Select a card...” for each turn. During each turn you have
about 2 seconds to choose one card from any deck. You are free to switch from one
deck to any other as often as you wish. Turns will last for varying lengths of time,
so don’t be concerned if you do not receive instructions immediately following a
card choice.

Each time you select a card you will win some money. Every so often, however,
you will also lose some money. The goal of the game is to win as much money as
possible and to avoid losing money. There is no way to figure out when you will
lose money. All | can say is that some decks are worse than others. No matter how
much you find yourself losing, you can still win the most if you stay away from the
worst decks.

Occasionally, you will be prompted to select from a specific deck but you will
neither win nor lose any money for that turn. Please treat the play money in this
game as real money and any decision on what to do with it should be made as if
you were using your own money. You will not know when the game will end.
Please keep on playing until you are told to stop.

Once participants verbally acknowledged comprehension of the instructions the task was
initiated with a 20 second countdown. Each participant performed three segments or runs of
the IGT each consisting of 45 gambling events and 13 randomly inserted control events. The
first run of the task was considered the early, strategy development phase and consisted of
events 1 through 58. The second run consisted of events 59 through 116, and the third run
encompassed events 117 through 174.

When the task started participants received instructions to “Select a Deck” for a fixed period
of 2 seconds via a text box on the upper left-hand side of the task screen. During this period
participants selected a card from one of four card decks labeled A, B, C and D by pressing
buttons 1, 2, 3 or 4 on the button box, respectively. Immediately following the selection
period, participants received feedback for a variable period of time jittered around 2
seconds. The length of evaluation events were jittered to correct for stimulus onset
asynchrony and to assure adequate sampling of the HDR for imaging analyses. The end of
each evaluation period signaled the onset of the next selection period. During evaluation,
participants viewed the monetary gain and/or loss associated with their selection. Evaluation
information alternated with task instructions in the text box on the upper left-hand side of
the screen. Examples of win and loss evaluation events can be seen in Fig. 1. On the upper
right-hand side of the screen an ongoing monetary score was updated following each deck
selection. On selection control trials participants received instructions to select a card from a
specific deck (e.g. “Select Deck B”). Directly following selection control events,
participants viewed an evaluation control screen that contained the phrase “You Neither Win
Nor Lose”. For all imaging analyses win and loss evaluation events were compared to
evaluation control events.

Selections from decks A and B resulted in immediate gains of $100 each with losses over
time ranging from $250 to $1200 and were considered disadvantageous. Selections from
decks C and D produced immediate gains of $50 with losses over time ranging from $50 to
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$250 and were considered advantageous. To ensure that the typical advantageous decision-
making emerged in the control group following the strategy development phase of the task
(RUN 1), the proportion of responses allocated to disadvantageous (A and B) and
advantageous (C and D) decks were calculated for each of the three sections of the task
(RUN 1, RUN 2 and RUN 3) and used to calculate individual Net Scores of performance.

2.4 Functional MRI data acquisition

Images were acquired on a 1.5T General Electric scanner with a birdcage-type standard
quadrature head coil and an advanced nuclear magnetic resonance echoplanar system. Foam
padding was used to limit head motion. High-resolution T1-weighted anatomical images (3D
SPGR, TR=10 ms, TE=3 ms, voxel dimensions 1.0x1.0x1.5 mm, 256x256 voxels, 124
slices) were acquired for co-registration and normalization of functional images. A total of
162 co-planar functional images were acquired using a gradient echoplanar sequence
(TR=2100 ms, TE=40 ms, voxel dimensions 3.75%3.75x5.0 mm, 64x64 voxels, 28 slices).
The scanning planes were oriented parallel to the anterior—posterior commissure line and
extended from the superior extent of motor cortex to the base of the cerebellum. Six
volumes of data were acquired during the 20 second countdown period and immediately
discarded to allow for equilibrium before selections began.

2.5 Statistical analyses

2.5.1 Demographics and behavior—Independent samples t-tests were used to compare
groups on parametric demographic variables. Chi-square analyses were used to compare
group differences in sex and the proportion of participants who were cigarette smokers. To
examine advantageous and disadvantageous choices in each of the three sections (i.e.
RUNS) of the task, a Net Score of performance was calculated for each individual in each
section by subtracting the number of selections on advantageous decks from the number on
disadvantageous decks. A positive Net Score reflected more advantageous deck selections,
relative to disadvantageous selections, within that section of the task. To determine if the
Net Score varied according to group a 2x3 mixed model ANOVA was conducted with
between-subjects group factor (Controls and MJ Users) and within-subject RUN factor (1, 2
and 3). Independent and paired sample t-tests were used for post-hoc analyses accordingly
with Bonferroni corrections. To determine if the number of event types experienced differed
between groups during the strategy development phase of the task (RUN 1), a 2x2 ANOVA
was conducted with between-subjects group factor (Controls and MJ Users) and within-
subjects event type (win and loss evaluation). To examine improvement in task performance
across the task, a Net Score Difference value was calculated for each individual. This value
was calculated by subtracting each individual’s Net Score in the first section of the task from
their Net Score in the last section of the task (Net Score Difference = RUN 3 Net Score
minus RUN 1 Net Score). A positive Net Score Difference reflected improvement in
performance across the task. An independent samples t-test was used to examine differences
in Net Score Difference values between groups. All behavioral data were analyzed using the
Statistical Package for the Social Sciences (SPSS) version 11.5.

2.5.2 Functional MRI preprocessing and data analysis—To examine differences in
the functional brain response to win and loss evaluation during the strategy development
phase (RUN 1), each individual’s neural response to win evaluation, loss evaluation, and
control evaluation events was isolated. The functional data from each participant were
corrected for acquisition time (slice timing), realigned to the first volume (motion
correction), normalized into a standardized neuroanatomical space (Montreal Neurological
Institute brain template), smoothed using a Gaussian kernel of 8 mm, and high-pass filtered
(128s) to remove low frequency noise. Inspection of motion correction revealed that all
corrections were less than 2 mm. For each individual, a multiple linear regression analysis
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was performed. Regressors corresponded to time periods during which the participant 1)
made deck selections or 2) viewed selection control events and then evaluated feedback of
monetary 3) wins, 4) losses or 5) viewed evaluation control events. As the aim of this study
was to investigate the neural responses during the evaluation of wins and losses, event times
corresponding to selection events and selection control events were modeled to remove
variance associated with periods but not included in further contrast maps. Evaluation
conditions (win, loss and control) were modeled by convolving relevant evaluation times
with a canonical hemodynamic response function. Trials in which no response was made
were excluded from the analyses. For cigarette smokers, the reported average number of
cigarettes smoked per day was treated as a nuisance variable and variance associated with
this variable was covaried out of all functional imaging analyses, an approach used in other
substance abuse studies (Bolla et al., 2005). First, for each individual statistical contrast
maps of activity associated with all RUN 1 evaluation periods were made by comparing
activity during all RUN 1 evaluation events to activity during all RUN 1 evaluation control
events (win evaluation + loss evaluation > control evaluation). Next, for each individual,
statistical contrast maps of RUN 1 wins (win evaluation > control evaluation) and RUN 1
losses (loss evaluation > control evaluation) were created. These contrast maps were
compared between groups to find 1) differences between groups in all RUN 1 evaluation
and 2) differences between groups specific to win and loss evaluation. For these between
group comparisons, contrast maps were thresholded with a voxel-wise P value of 0.05
further adjusted at the cluster level (P <0.001, corrected) to reduce the chance of Type |
error (Christakou et al., 2009; Hartstra et al., 2010). Lastly, in order to identify the
relationship between RUN 1 evaluation event types (wins or losses) and performance on the
IGT, within each group, the Net Score Difference measure (a measure of improvement
across the task) was regressed with the whole brain functional response during RUN 1 win
(win evaluation > control evaluation) and loss (loss evaluation > control evaluation) events.
For these analyses, a voxel-wise P value of 0.01 was used with further adjustments at the
cluster level (P <0.001, corrected). All imaging analyses were performed with SPM 5
(Wellcome Department of Imaging Neuroscience, London, UK) in the MATLAB 7.0
(Mathworks, Natick, MA) shell using an event-related model (Friston et al., 1998).

3.1 Demographics

A description of study participants is shown in Table 1. MJ Users were 26.4 + 3.6 years old
(mean + sd) and reported using marijuana 2.1 + 1.5 times a day, 29.4 + 1.0 days a month, for
9.6 + 4.1 years. The average age of first marijuana use was 16.3 + 2.1 years. Controls were
26.6 + 6.1 years old and did not meet dependence criteria for any illegal drugs. Four of 16
members of the Control group reported previous marijuana use with use limited to fewer
than 50 lifetime uses, occurring more than 2 years prior to the study. Four of 16 MJ Users
met criteria for marijuana dependence. On the scanning day, all participants had negative
urine screens for illegal substances (other than marijuana in MJ Users). All members of the
MJ Users group tested positive for marijuana metabolites the day of scanning and reported a
mean (x sd) abstinence from marijuana of 12.0 + 2.9 hours (range = 8.5 — 16 hours). There
were no significant differences between groups in depression scores on the Becks
Depression Inventory, nor anxiety scores on the Spielberger Test of Anxiety at the time of
scanning.

3.2 IGT behavioral performance

Behavioral performance on the IGT is shown in Fig. 2a. In Controls, behavioral
performance improved across the three segments of the task, observed as a shift in the mean
(£ sd) Net Score (RUN 1 =-5.50 + 14.2, RUN 2 = +3.06 £ 16.1, RUN 3 = +5.06 + 20.2).
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Improvement was not observed in MJ Users (RUN 1 =-7.25+7.3, RUN 2 =-3.38 £ 8.7,
RUN 3 =—8.5 + 11.4). There was a significant group x run interaction F(1,30) = 4.31,p =
0.04). Post hoc analysis revealed that during the final segment of the task Controls had
significantly higher Net Scores as compared to MJ Users (RUN 3: Controls = +5.0 + 14.2
vs. MJ Users = —8.5 + 11.4) t(16) = 2.90, p = 0.01.

During first segment of the task, the strategy development phase, groups did not differ in
performance as measured by the Net Score (RUN 1: Controls = —5.50 + 14.2 vs. MJ Users =
—7.25 £ 7.3). During this segment, a significant group x event type interaction was observed
F(1,30) = 7.73, p = 0.009. As shown in Fig 2b, there was no difference in the number of win
events experienced between groups (Wins: Controls = 34.19 + 1.1 vs. MJ Users = 33.13 +
2.2). There was, however, a significant difference in the number of loss events experienced
between groups, with MJ Users experiencing more loss events (11.50 + 2.3), compared to
Controls (9.13 + 1.8) t(30) = 3.28, p = 0.003.

3.3 Functional imaging during strategy development

3.3.1 Combined evaluation events (wins and losses)—In order to elucidate the role
of early evaluation events during strategy development, functional imaging analyses were
restricted to the first segment of the task (i.e. RUN 1) before performance differences
emerged between the two groups. Analyses were also restricted to the evaluation periods of
this early phase as participants viewed feedback regarding the positive (wins) and negative
(losses) consequences associated with their initial choices. Differences in brain activity
between groups in response to all RUN 1 evaluation (win + loss) events can be seen in Fig. 3
and Table 2. Comparisons of activity between groups revealed that, compared to MJ Users,
Controls had significantly greater activity during RUN 1 evaluation in several frontal brain
regions. Controls displayed greater responses in clusters of activity coincident with the
anterior cingulate cortex (Fig 3a, b[Y = 26, 34, 38]) and medial frontal cortex (Fig 3a, b[Y =
56, 54]). This activity also extended dorsally to include portions of the superior medial
frontal cortex (Fig 3a, b[Y = 34, 38]). In contrast, there were no suprathreshold clusters
where MJ Users had greater activity than Controls during RUN 1 evaluation (Table 2).

3.3.2 Differences according to evaluation event type (wins or losses)—
Differences in activity between Controls and MJ Users was further examined according to
specific event type, win evaluation (win events > control events) and loss evaluation (loss
events > control events). These data can be seen in Fig. 4 and Table 2. There were no
differences between groups in the activity observed during win evaluation. There were
several areas, however, where activity during loss evaluation was greater in Controls,
compared to MJ Users (Fig. 4). Portions of this activity were spatially coincident with
differences observed when examining combined event types (wins + losses). For example,
during loss evaluation, Controls displayed greater activity than MJ Users in the anterior
cingulate cortex (Fig 4a, b[Y = 26, 34, 38]) and medial frontal cortex (Fig 4a, b[Y = 56,
541). This activity also extended dorsally into the superior medial frontal cortex (Fig 4a, b[Y
= 34, 38]) but also extended rostrally to include more prefrontal areas (Fig 4a, b[Y = 56,
541). In addition, differences emerged that were not observed in the combined analysis.
Compared to MJ Users, Controls showed greater activity during loss evaluation in clusters
enveloping portions of the precuneus, posterior cingulate cortex and dorsal cerebellum as
well as portions of the superior parietal lobe and occipital cortex (Fig. 4a; Table 2.).

3.3.3 Loss evaluation and task performance—To characterize the relationship
between early evaluation events and IGT performance, the Net Score Difference (Net Score:
RUN 3 - RUN 1), a measure of improvement over the course of the task, was correlated with
the functional response to RUN 1 win and loss evaluation events within each group.
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Consistent with the Net Score results (Fig. 2a), groups significantly differed in the Net Score
Difference t(30) = 2.08, p = 0.04 (Fig. 5a). The mean (£ sd) Net Score Difference in
Controls (10.56 + 19.5; range: —19 - +46) was significantly greater than that observed in MJ
Users (—1.25 = 11.8; range: —26 - +20). A regression of the Net Score Difference with the
whole brain response during RUN 1 loss evaluation, revealed activity in Controls that was
associated with future improvement in task performance. In Controls, but not MJ Users, the
magnitude of response in the anterior cingulate cortex, ventral medial prefrontal cortex, and
rostral prefrontal cortex during RUN 1 loss evaluation positively correlated with the Net
Score Difference (Fig 5b). No relationship was observed between Net Score Difference and
the response to RUN 1 win evaluation in either group. Together these data demonstrate that
before behavioral differences emerge on the IGT, MJ Users have decreased responsivity to
the monetary losses that aid strategy development.

4 Discussion

The results of the present study demonstrate that chronic marijuana users (MJ Users)
perform poorly on the lowa Gambling Task (IGT), failing to develop advantageous decision
making strategies, thus confirming previous studies using similar tasks (Whitlow et al.,
2004; Hermann et al., 2009). Furthermore, the present study extended these findings by
showing that during the strategy development phase of the IGT, before the emergence of
group differences in behavioral performance, the functional brain activity of MJ Users
during evaluation is distinctly different from that of Controls. During early evaluation events
(wins + losses) MJ Users had smaller BOLD responses than Controls in the anterior
cingulate cortex, the ventral medial prefrontal cortex and portions of the superior medial
frontal cortex. During the evaluation of monetary losses, MJ Users had less activity in these
same areas as well as in the precuneus, posterior cingulate cortex, the superior parietal lobe,
and portions of the dorsal cerebellum and occipital cortex, compared to Controls. Finally,
correlating performance over the course of the task with BOLD activity during early loss
evaluation revealed that the response to losses in the anterior cingulate cortex, ventral

medial prefrontal cortex and rostral prefrontal cortex predicted improvement in Controls,
whereas MJ Users showed no correlations. These data suggest that the failure of MJ Users to
develop successful decision-making results from a relative insensitivity to the early
monetary losses that aid strategy development and precede successful performance on the
IGT.

Previous studies of healthy participants have shown that in the course of strategy
development, positive and negative information guide future decisions towards achieving a
goal (Sutton and Barto 1998; Dayan and Balleine 2002; Camerer 2003). This is also the case
of the IGT (Bechara et al., 2005), where early monetary losses provide the incentive to shift
to advantageous deck selections over time and early wins encourage continued selection on
disadvantageous decks. Previously it was found that over the course of the task, activity in
the inferior parietal lobe and medial frontal cortex is increased during evaluation, and the
medial prefrontal cortex responds to the largest losses (Lin et al., 2008). Our data support
these findings and extend them by highlighting the importance of the medial frontal cortex
while processing early losses during the strategy development phase of the task.
Furthermore, our data show that, relative to Controls, MJ Users have altered processing in
this brain area.

The separation of all of the evaluation events (wins and losses) into specific event types
(wins or losses) revealed that the response to monetary losses was critical for the differences
in strategy development between Controls and MJ Users. This is supported by the absence
of differences between groups in the functional response to early win events (Table 2).
Furthermore, the differences that emerged during loss evaluation, particularly in the medial
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frontal lobe, were spatially coincident with the differences observed when all evaluation
events, wins and losses, were considered together. Therefore, it appears that the key
difference between MJ Users and Controls is in the evaluation of the negative information
conveyed by losses, rather than in the evaluation of wins.

Reduced responses in the superior frontal gyrus during loss evaluation is consistent with
previous reports examining evaluation of losses over the entire course of the task (Tanabe et
al., 2007) . This compromised activity in MJ Users, as well as that observed in the precuneus
and cingulate cortex, may represent altered attentional resources directed to monetary losses,
similar to functional abnormalities observed in adults with attention-deficit disorder
(Castellanos et al., 2008). Also, the functional relationship between the medial superior
frontal gyrus and the precuneus has been shown to be time locked to attentional shifts
between object features (Nagahama et al., 1999), suggesting that MJ Users may have an
inability to shift attention between the various components of trials (i.e. selection vs.
evaluation). This could also be the case for win events. However, during loss evaluation the
additional information regarding the monetary loss represents an additional and necessary
component that must be attended to in order to learn the task. It is possible that the lack of
activity in these areas in MJ Users is associated failure to attend to this additional
component. Failure to addend to this information would explain continued selections made
on disadvantageous decks.

There are several potential explanations for diminished activity of MJ Users in the anterior
cingulate cortex and ventral medial prefrontal cortex, as compared to Controls. This could
reflect compromised error processing during loss evaluation events, a hypothesis suggested
by others (Lin et al., 2008) and consistent with studies demonstrating that anterior cingulate
activity increases in response to errors (Swick and Turken 2002). This may also reflect more
general deficits in performance monitoring, as increases have also been observed under
conditions where errors are likely to occur (Carter et al., 1998) and during violations of
outcome expectancy (Oliveira et al., 2007). These reductions may reflect decreased
motivation as a result of experiencing monetary losses (Martin-Soelch et al., 2009; Simoes-
Franklin et al., 2009). Differences in motivation did not appear to be a significant
contributing factor in the study, however, as all individuals completed the task, and groups
did not differ in the number of omitted or “no response” events on the task. More
importantly, on selection trials immediately following monetary loss events, both groups
shifted selections away from loss producing decks more than 95% of the time. This suggests
that monetary losses motivated changes in selection strategies in both groups. Finally, it has
been hypothesized that lesions to these medial brain areas results in the inability to integrate
affective information into executive functioning processes (Bechara 2004). This suggests
that MJ Users may fail to incorporate the negative affective experience of early monetary
losses into developing strategies to perform the task. While further studies are needed to
explore these possibilities, it is clear from this study that MJ Users lack a functional
response to early losses in the anterior cingulate, the ventral medial prefrontal cortex, and
rostral prefrontal cortex that predicts improvement in Controls. This is evidence that altered
processing to early losses in these areas is directly related to the inability of MJ Users to
develop advantageous strategies on the task.

There are a growing number of reports that demonstrate abnormalities in affective
processing in recreational cannabis users as well as long-term heavy marijuana users
(Degenhardt et al., 2003; Wadsworth et al., 2006; Dorard et al., 2008; Skosnik et al., 2008;
Gruber et al., 2009). For example, Gruber et al. (2009) recently demonstrated that MJ Users
have altered responsivity to affective faces presented below the level of consciousness in the
amygdala and the anterior cingulate cortex. The data from the current study extend these
findings by showing deficits specific to negative affective information processing in MJ
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Users. This is consistent with the ability of cannabinoids to modulate the behavioral
responses to aversive stimuli and the conditional associations between aversive events and
the environment. For example, blocking normal or endogenous cannabinoid system function
compromises learned escape behaviors (Varvel et al., 2005). Furthermore, blocking the
cannabinoid system genetically (CB1-deficient mice) or pharmacologically (with a CB1
antagonist) increases the retention of fear memories in altered mice, compared to wild type
mice (Marsicano et al., 2002). Conversely, and of particular relevance to this study,
enhancing cannabinoid system function with CB1 receptor agonists, similar to THC, blocks
the expression of fear memories as measured by fear-potentiated startle (Lin et al., 2006).
These findings suggest that the functional insensitivity to aversive events observed in the
current study may result from disrupted cannabinoid system function associated with heavy
marijuana use. This is also consistent with human studies demonstrating that THC
administration decreases the functional reactivity to social signals of threat in recreational
users (Phan et al., 2008).

That MJ Users appear to have a blunted response to negative stimuli is consistent with
studies demonstrating that the poor performance of cocaine users performing the IGT is
related to less responsiveness to losses (Stout et al., 2004). Other studies have observed poor
performance on the IGT in various drug abusing populations, however, these studies did not
evaluate the specific role that early win and loss evaluation play in development of task
performance (Bolla et al., 2003; Tucker et al., 2004; Vadhan et al., 2007; Acheson et al.,
2009; Vadhan et al., 2009). Results from the present study suggest that MJ Users may be
relatively insensitive to negative information as they first attempt to solve problems. This
insensitivity may interfere with the important role that monetary losses play in facilitating
successful strategy-development in the early phases of the IGT. As the aim of this study was
to model experiences in day-to-day marijuana users, we tested individuals at a time between
the offset of THC’s psychoactive effects (2-3 hrs) and the onset of marijuana withdrawal
symptoms (1-3 days). It is not clear if the results observed here persist following prolonged
abstinence, however, one study reported behavioral and neurofunctional changes in MJ
Users performing the IGT can persist following 28 days of abstinence (Bolla et al., 2005).

The current study has some inherent limitations based on the task design and analysis that
may warrant further investigation. All participants received the same monetary
compensation for completion, with the exception of the best performer who received a fifty
dollar bonus. Though participants were asked to “treat the play money in this game as real
money” it is unclear if performance in MJ Users would vary as a function of motivation for
various reward types while performing the task (e.g. the IGT monetary score reflecting real
versus fictitious money), which has been observed in both control populations (Bowman and
Turnbull 2003) and cocaine using populations (Vadhan et al., 2009). There were more
cigarette smokers in the MJ Users group than the Controls group. Post-hoc analysis of the
smokers (n = 8) and non-smokers (n = 8) in the MJ User group however revealed no
difference in behavioral performance or brain activity during the task. This is congruent with
other studies that have reported no difference in IGT performance in smokers and non-
smokers (Lejuez et al., 2003; Harmsen et al., 2006). Furthermore, the number of cigarettes
smoked per day was incorporated as a covariate in the imaging analyses similar to other
imaging studies with significant differences in demographic variables between groups (Bolla
et al., 2005). Finally, it is not possible to determine whether these results are the direct result
of a history of heavy marijuana use or are the result of preexisting conditions including
psychiatric disorders or genetic background.

To summarize, in the current study MJ Users failed to develop successful decision-making
strategies on the IGT, relative to Controls. During the early, strategy development phase of
the task, when performance did not differ between groups, MJ Users processed evaluation
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differently than Controls. Specifically, MJ Users showed reduced activity while evaluating
monetary losses. Furthermore, MJ Users lacked a functional response to monetary losses in
medial frontal brain areas that predicted task improvement in Controls. Since the early
monetary losses on the IGT drives successful strategy development, the diminished response
to losses in MJ Users may explain their inability to engage successful decision-making
strategies on the task. These data suggest that MJ Users do not process negative information
in the same manner as non-marijuana using Controls during ongoing decision-making. This
may result in inefficient strategies used to solve problems. In light of the growing number of
people reporting marijuana use disorder (Compton et al., 2004) an appreciation of the
relationship between affective information processing and decision-making in chronic
marijuana users may be clinically relevant. Understanding how marijuana influences the
perception of what is “negative” may help explain continued marijuana use and aid in the
development of effective strategies for the treatment of this disorder.
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Fig. 1.

lowa gambling task (IGT) event types. In this event-related functional MRI task,
participants were instructed to “Select a Deck” for 2 seconds from one of four decks of cards
(A,B,C,D) using an MR-compatible response box. Following each selection, participants
evaluated feedback regarding the amount of money won and / or lost during that gambling
event.
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a) Behavioral Performance in three sections of the lowa Gambling Task (174 trials). By the
end of the task (RUN 3), Controls (unfilled) made significantly more advantageous deck
selections compared to chronic marijuana users (MJ Users; filled). There was no difference
in deck selections between groups during the strategy development phase (RUN 1). b)
During the strategy development phase (RUN 1), MJ Users experienced more loss events
than Controls. * =p < 0.05
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All Evaluation:
Controls > MJ Users

Fig. 3.

The difference in functional activity of Controls and chronic marijuana users (MJ Users)
during all evaluation events (wins + losses) during the strategy development phase of the
IGT (RUN 1). Images show clusters where activity was greater in Controls compared to MJ
Users. There were no suprathreshold clusters where MJ Users had greater activity compared
to Controls. Probability thresholds were set to p< 0.05 at the voxel-level and further
corrected at the cluster level (p<.001, corrected).
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tscores

Fig. 4.

The difference in functional activity of Controls and chronic marijuana users (MJ Users)
during monetary loss evaluation in the strategy development phase of the IGT (RUN 1).
Images show clusters where activity was greater in Controls compared to MJ Users. There
were no suprathreshold clusters where MJ Users had greater activity compared to Controls.
There were also no differences between groups during win evaluation in this phase of the
task. Probability thresholds were set to p< 0.05 at the voxel-level and further corrected at the
cluster level (p<.001, corrected).
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Fig. 5.

a) Improvement in performance across the lowa Gambling Task (IGT) as measured by the
Net Score Difference (Net Score: RUN 3 — RUN 1). Performance in Controls significantly
improved over the course of the task, compared to chronic marijuana users (MJ Users). b)
Net Score Difference correlated with whole brain functional activity during RUN 1 loss
evaluation in Controls and MJ Users. Responses in the anterior cingulate cortex, ventral
medial prefrontal cortex and rostral prefrontal cortex during RUN 1 loss evaluation
predicted improvement in Controls, but not MJ Users. * = p < 0.05
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Table 1
Group Demographics
Variable Controls (N=16) MJ Users (N = 16)
Mean (+ SD) Mean (+ SD) t/X,Value p

Age (years) 26.6 (6.1) 26.4 (3.6) 0.11 ns.
1.Q. 115 (8.4) 109.1 (13.6) 1.47 n.s.
Sex 0.29 ns.

Male 6 9

Female 10 7
Cigarette Smokers 125 % 50 % 5.24 0.022
Alcohol AUDIT Score 2.8(2.0) 42(2.3) 1.91 ns.
Caffeine (mg/day) 96.9 (99.8) 120.3 (119.5) 0.60 n.s.
Spielberger State Anxiety 24.6 (5.6) 26.1(6.6) 0.69 n.s.
Beck’s Depression 2.5(4.0) 3.4 (3.5) 0.71 ns.
Marijuana Use:

Age of onset (years) 16.3(2.1)

Years of Total Use 9.6 (4.1)

Days per month 29.4 (1.0)

Times per day 2.1(1.5)

Years at current use level 4.5(3.8)
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