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Abstract

Background—Substance abusing individuals tend to display abnormal reward processing and a
vulnerability to being impulsive. Detoxified alcoholics show differences in regional brain
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activation during a monetary incentive delay (MID) task. However there is limited information on
whether this uncharacteristic behavior represents a biological predisposition towards alcohol
abuse, a consequence of chronic alcohol use, or both.

Methods—We investigated proposed neural correlates of substance disorder risk by examining
reward system activity during a MID task with separate reward prospect, reward anticipation, and
reward outcome phases in 30 individuals with and 19 without family histories of alcoholism. All
subjects were healthy, lacked DSM-IV past or current alcohol or substance abuse histories, and
were free of illegal substances as verified by a urine toxicology screening at the time of scanning.
Additionally, we explored specific correlations between task-related nucleus accumbens (NAcc)
activation and distinct factor analysis-derived domains of behavioral impulsivity.

Results—During reward anticipation, fMRI data confirmed blunted NAcc activation in family
history positive subjects. In addition, we found atypical activation in additional reward-associated
brain regions during additional task phases. We further found a significant negative correlation
between NAcc activation during reward anticipation and an impulsivity construct.

Conclusions—Overall, results demonstrate that sensitivity of the reward circuit, including
NAcc, is functionally different in alcoholism FHP individuals in multiple regards.

Keywords

Reward; Incentive; Anticipation; Alcoholism; fMRI; Impulsivity; Nucleus Accumbens; Ventral
Striatum; Family History

Introduction

Alcoholism and other addictions may result from interactions between an inherited
predisposition and reinforcing properties of abused substances, both of which may involve
brain reward systems, in particular mesolimbic dopamine (1, 2). Alcoholism is often familial
(3-6), accounting for approximately 50% of total risk for the disorder. Much such inherited
risk is not alcoholism-specific, but a general vulnerability towards sociopathy, impulsivity
and substance use (7, 8). Offspring of alcoholics lacking alcohol abuse/dependence often
demonstrate behavioral under-control, (9) make impulsive errors and perform more poorly
on cognitive control and decision-making measures (10) versus family history negative
peers. Such risk factors reflect disinhibited motivated behaviors associated with negative
social and health consequences (11-14).

One construct linking these disparate behaviors is impulsivity (15-18), associated with drug
addiction (19-24), Attention Deficit/Hyperactivity Disorder (25) and pathological gambling
(26), alcoholism and at-risk for alcoholism individuals (16, 17, 27-32). However, the precise
definition (33-36) and measurement (33, 37) of impulsivity varies among different research
groups, which commonly emphasize impaired inhibitory control (19) or unusual risk-reward
decision-making, with the latter variously ascribed to either excessive (38) or blunted reward
sensitivity. A dopamine-based “reward deficiency” hypothesis (39) for the inherited
biological vulnerability for alcohol abuse and antisocial/impulsive behaviors posits that
these individuals engage in impulsive behaviors to compensate for insufficient natural
reinforcement. However, the neural basis relating variant reward processing to substance
abuse risk, particularly a family history of alcoholism, remains unclear (22).

Deficient mesolimbic reward system and mesial prefrontal cortex activation is reported in
substance abusers and impulsive individuals (27, 40). The ventral striatum is significantly
involved in reward and punishment processing both in healthy individuals and substance
abusers. Monetary incentive delay (MID) tasks probe anticipatory and consummatory
aspects of reward processing in clinical and non-clinical samples (41). Relative to healthy
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controls, during anticipation of monetary gain detoxified alcoholics show reduced activation
in the ventral striatum, including NAcc (42), (as do ADHD individuals and pathological
gamblers), possibly related to illness severity or impulsiveness (26), (40, 43). In alcohol
research, an unanswered question is whether this difference represents a biological
propensity towards alcohol abuse, a consequence of chronic alcohol use, or both. One
strategy to address this is to examine individuals at risk biologically for alcohol abuse, who
are not themselves alcohol abusers. Although previous reports have focused on NAcc,
research shows involvement of an extended network of functionally connected brain regions
involved in reward, punishment (44-46) and reward/loss processing (47) including
orbitofrontal cortex (21, 48, 49), mesial prefrontal cortex (50), caudate, putamen, insula (44,
51), amygdala (52), ventral tegmental area (53), hippocampus (54) and anterior cingulate
cortex (ACC) (55).

The aim of this study was to investigate the neural correlates of reward processing in non-
alcoholic family history positive (FHP) adults using a modified MID task. The task (detailed
below) consists of four primary phases/conditions. The ancipation condition of the modified
task contains the “A1” phase mostly representing motoric anticipation and the prospect of
working for a reward/avoiding a punishment and the “A2” phase representing the actual
anticipation of monetary reward/punishment. In addition, the final outcome phase represents
the notification of reward/punishment. All phases are theoretically relevant to core processes
of abuse.

The study explored four major aims: 1) whether reduced ventral striatal (VS) activation
patterns occurred during the Al and A2 phase; 2) whether such activation patterns were
specific to Al and A2, or also seen during receipt of reward and punishment; 3) whether
differential activation patterns were confined to NAcc or also manifest elsewhere in the
“reward circuit;” and, 4) whether specific behavioral impulsivity measures correlated with
the above fMRI activations.

To clarify the specificity of A2 activation differences to alcoholism risk, we examined brain
activity manifested during all MID phases. In addition, we examined the relationship
between alcoholism family history, MID activation patterns and impulsivity measures. We
hypothesized that increased impulsivity would both characterize FHP individuals and be
related to altered activation of MID task reward circuitry.

Methods and Materials

Participants

We recruited and obtained informed consent from 49 right-handed subjects (30 FHP, 19
FHN; Table 1), via advertisement and from participants in Yale’s IRB-approved NIAAA
Center for the Translational Neuroscience of Alcoholism. FHP status, based on detailed
interview was defined as having an alcohol-dependent father, plus alcohol abuse or
dependence in one or more first- or second-degree relatives. Mothers of potential subjects
could not have a lifetime history of alcohol abuse, to avoid confounds related to fetal alcohol
exposure. FHN subjects were group-matched for age and sex and lacked any first-degree
relative with alcohol abuse. All subjects completed a Structured Clinical Interview for DSM-
IV Disorders (SCID) (56), were healthy, lacked DSM-IV past or current alcohol/substance
abuse histories and were free of illegal substances as verified by urine toxicology at time of
scanning.
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Monetary Incentive Delay fMRI Task Behavior (In Scanner)

While participants were engaged in performing the fMRI task (explained below),
information regarding the total amount of money earned/lost was automatically recorded
during each experimental phase.

Assessment of Impulsivity Traits and Behavior (Out of Scanner)

Impulsivity was measured using five widely employed self-report questionnaires and two
decision-making tasks, described in full elsewhere (37). The questionnaires were the:
Behavioral Inhibition System/Behavioral Activation System (BIS-BAS) scale (57), Barratt
Impulsivity Scale (BIS-11) (58), Sensitivity to Punishment/Sensitivity to Reward
Questionnaire (SPRSQ) (59), Sensation Seeking Scale (SSS Form V) (60), and Padua
Inventory (PI) (61, 62). The computerized risk/reward decision-making tasks were the
Balloon Analog Risk Task (BART) (63), and the Experimental Discounting Task (EDT)
(64)

Monetary Incentive Delay fMRI Task

Functional scanning was performed during performance of an event-related MID task
modified from a design published by Knutson (51), see Figure 1. Subjects engaged in one
12-min session of the MID task during scan acquisition, consisting of 1 run of 55, 13-sec
trials. During each trial, participants saw 1 of 6 word cues (e.g. WIN $1.00; duration=1000
msec), fixated on a crosshair (A1), then responded with a button press to a target appearing
for a variable length of time, fixated on a crosshair (A2), then received feedback notifying
them of whether they had won or not won (outcome of reward) or lost or not lost (outcome
of loss) money during that trial. They also saw their cumulative winnings on the feedback
screen (see Figure 1).

On incentive trials, participants won (or avoided losing) money by pressing the button
during the target box presentation. Task difficulty, based on reaction times collected during
a pre-scan practice session, was set so each participant succeeded on ~66% of target
responses. fMRI volume acquisitions were time-locked to the offset of each cue and thus
acquired during anticipatory delay periods.

In our modified MID paradigm, we replaced the 7 cue symbols used in the originally-
reported design (51) with actual words to remove any unneeded working memory
component. A neutral stimulus of WIN/LOSE $0 was added to counterbalance conditions,
the timing of all viewing conditions (A1, A2 and outcome of reward and loss) were
extended to more clearly separate them, the A2 period was modeled separately from
outcome period and fixed event onset was added to minimize inter-correlations across
regions/orthogonal regressors to better separate different periods in the fMRI analysis. Our
modified version also incorporated an adjusted win/positive outcome ratio of 64:36 to make
the task more salient by keeping a fixed, favorable win ratio, as well as providing monetary
payment for a percentage of amounts earned during the task.

Data Acquisition

Data were acquired on a Siemens Allegra 3T scanner at the Olin Neuropsychiatry Research
Center using a gradient echo echoplanar sequence using the following imaging parameters;
repetition time (TR) = 1500 ms, echo time (TE) = 27 ms, field of view (FOV) = 22 cm, flip
angle = 70°, acquisition matrix= 64 x 64, voxel size = 3.44 x 3.44, slice thickness = 5 mm,
number of slices = 29, acquired in a sequential order.

Biol Psychiatry. Author manuscript; available in PMC 2013 June 09.
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Data Analysis

fMRI Data

In-scanner Behavior—Independent sample t-tests were used to assess differences
between groups across the outcome phase of the MID task, regarding the total amount of
money earned and the ratio of losses vs. non-losses and wins vs. non-wins

Out of Scanner Behavior (Impulsivity)

Factor analysis of impulsivity measures: As described elsewhere (37), we performed a
factor analysis on a larger sample of 176 subjects including all participants in the current
study, plus additional subjects from a study of former and current cocaine users and matched
healthy controls. As detailed in (37), the factor structure for FHN and FHP subjects
corresponded very closely to that of the entire sample. Individual subjects’ factor
coefficients were derived based on the global factor structure and resulting factor scores
were compared using independent sample t-tests to test for group differences.

Pre-processing—~Functional images were preprocessed using SPM2 (http://
www.fil.ion.ucl.ac.uk/spm/software/spm2/), running in Matlab 7.1 (Mathworks, Natick,
MA\) on a Linux platform. The first six images of each time series were removed to
compensate for saturation effects. Data were motion corrected using INRIAlign (111) and
spatially normalized to the standardized EPI template image. After normalization, images
were spatially smoothed with a 9mm kernel. The statistical model included modelling the
hemodynamic response using the standard hrf function within SPM2 alongwith its temporal
derivatives. As part of the first-level/single subject design, the following contrast images
were created and carried over to the group analysis (second-level) stage: 1) Prospect of $5
reward (A1) versus implicit baseline; 2) Anticipation of $5 reward (A2) versus implicit
baseline; 3) Outcome (receipt) of all wins versus implicit baseline; and 4) Outcome (receipt)
of all losses versus implicit baseline.

Statistical Comparisons—*For the random effects design, we employed a 2-sample t-test
consisting of FHP and FHN groups to examine between-group activation differences in
different phases of the task: prospect and anticipation of reward phases (Al and A2; only
$5) and outcome to reward stimuli and loss stimuli (all: $0, $1, $5). Outcome for reward
stimuli included win and non-wins; outcome of loss stimuli included losses and non-losses.

We examined resulting whole brain t-maps using a small volume correction to interrogate
functional differences in predefined regions of interest (ROIs) from a “motivational circuit”
pre-specified from prior published studies (42, 65-67). Regions comprised bilateral NAcc,
amygdala, VTA, mesial prefrontal cortex, caudate, putamen, hippocampus, anterior
cingulate, insula, and orbito-frontal cortex. We report only activations surviving correction
for multiple comparisons (using family wise error). Regional masks were created using the
WFU Pickatlas utility (68) except for the NAcc, where stereotactic coordinates and spatial
location were initially obtained from the Cerefy (110) and electronic Talairach-Tournoux
brain atlases (69). The NAcc mask was refined using information from previously published
studies (42, 65-67, 70), custom-edited using MARINA software (71) and its anatomical
location and spatial validity verified independently by an imaging expert (GP).

fMRI - impulsivity measure correlation

To relate impulsivity and MID activations, we performed voxelwise correlation analyses
using a multiple regression model framework (GLM) in SPM2 that simultaneously included
all five factor scores thereby accounting for shared variance among variables. Factor scores
were included as regressors in the model to determine impulsivity-based relationships with

Biol Psychiatry. Author manuscript; available in PMC 2013 June 09.
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fMRI activation during the different task phases. Although correlations were performed at a
whole brain level, based on our specific hypothesis, we report results only for the ventral
striatum. A small volume correction was again applied to interpret significance values. Only
correlations surviving a p<0.05 FWE corrected SVC result are reported.

In-scanner Behavior

T-tests comparing FHP and FHN groups on magnitude of losses, non-losses, wins and non-
wins revealed no significant between-group differences. Overall FHN subjects actually
scored 73.1% wins, 26.9% non-wins, 70% non-losses and 30% losses. The FHP subjects
scored 73.6% wins, 26.4% non-wins, 70.1% non-losses and 29.9% losses. Amounts of
money won across groups also did not differ.

Out of Scanner Behavior

fMRI

We used PCA along with varimax rotation to generate impulsivity factor scores for each
subject as described in full elsewhere (37).. The top five PCA factors (Eigenvalues: 2.27,
2.08, 2.01, 1.40 & 1.09) cumulatively accounted for 68% of total variance. Factor 1 “Self-
Reported Behavioral Activation” included all three BAS variables, Factor 2, “Self-Reported
Compulsivity and Reward/Punishment Sensitivity,” included SPSRQ (punishment and
reward) and Padua, Factor 3,“Self-Reported Impulsivity,” consisted of BIS-11 and
Zuckerman sensation seeking, Factor 4, “Behavioral Temporal Discounting” comprised
EDT and BIS scores, Factor 5, “Behavioral Risk Taking” had high BART loadings.

An independent sample t-test indicated no significant FHP/FHN group differences in factor
measures.

Specific p values reported are for the peak voxel within the ROIs examined. We report
several peak clusters across the reward circuit that demonstrated significant corrected p
values (p < 0.05 FWE; See Table 2) to investigate our global reward circuit deficit
hypothesis.

FHP subjects showed greater signal response in the caudate tail (Figure 2a) compared to
FHN during Al. As predicted, during A2, FHP subjects activated NAcc less than FHN,
(Figure 2b). Also in addition, reduced FHP fMRI activation was observed in insula and
orbital frontal cortex. Interestingly, FHP subjects showed significantly less activation than
FHN during the outcome of loss phase in the the amygdala and nucleus accumbens (Figure
2c). No region was significantly different among groups during the outcome of reward
phase. A more detailed list of regional fMRI group differences across all conditions is
provided in Table 2. In addition to the difference maps, Figure S1 (see Supplement) show
overall FHP and FHN group activation maps for each phase separately.

Correlation analysis between impulsivity factor domains and fMRI values revealed
associations between NAcc neural responses only in the A2 phase, where BOLD response
was negatively correlated with factor 2, “Self-Reported Compulsivity and Reward/
Punishment Sensitivity” (r=—0.37; p<0.05 FWE).

In an exploratory analysis, we also examined NAcc activity uncorrected for multiple
comparisons during A1, and outcome of reward and loss; this revealed that FHP had greater
activity in Al (p = 0.02) and less activity in outcome of loss phases, both p <0.05 compared
to FHN.

Biol Psychiatry. Author manuscript; available in PMC 2013 June 09.
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Discussion

The aim of this study was to investigate the neural correlates of reward processing in non-
alcoholic family history positive (FHP) persons using a modified version of the MID task
(72).

Group activation differences in Ventral Striatum

As predicted, reduced VS activation during A2 distinguished FHP from FHN subjects. Our
A2 data are consistent with the reward deficit hypothesis (39). Previous published MID task
results reveal reduced recruitment of reward circuitry in the anticipation phase by cue-
induced monetary rewards in detoxified alcoholics (42) adolescents with ADHD (40) and
normal adolescents (73). Our current finding resemble these reports (42) including one
where abnormal VS activation during reward anticipation correlated with impulsivity (74),
but subjects in both the above studies were withdrawn alcoholics whose differential
response patterns may result from long-term substance use. Our results suggest that this
pattern is also part of the inherited predisposition to substance abuse (75).

However Bjork (72) did not find blunted VS activation during reward anticipation (or
receipt) in adolescents with an alcoholic parent, compared to matched FHN subjects,
although striatal activation correlated positively in his entire sample with an impulsivity
measure. There are 4 possible reasons why our current findings differ from Bjork’s:

1. Normal adolescents show attenuated VS activation during reward anticipation on
the MID task compared to healthy adults; thus similar reductions in at-risk FHP
adolescents may be obscured by activation floor effects.

2. Many (but not all) of Bjork’s smallish sample consisted of adolescents with only 1
alcoholic parent, without other affected relatives; greater differences are likely to
be seen in a larger sample with a higher density of affected relatives (75).

3. We modified the MID design to clearly model separately reward prospect (A1) and
anticipation (A2) phases. Since Bjork et al had an anticipation phase that contained
features of both what we term Al and (implicitly in their case) A2, it is possible
that a combination of greater FHP signal in A1, (that we found to be higher, albeit
not significantly when corrected for multiple comparisons) and reduced FHP signal
in A2 in their conjoint modeling of this period could have reduced sensitivity to
group differences.

4. We removed a working memory component from the task design and directly
showed amounts to be won/lost, rather than using symbols; this feature may
remove possible confounding activations.

Exploring the multi-phase and multi-regional hypothesis of reward differences

Strong evidence consistent with reward deficit is detectable in the FHP group, but restricted
to the A2 task phase. Although the NAcc under-activation during A2 may appear to
straightforwardly support the reward deficiency hypothesis, the tendency towared NAcc
overactivation during Al is not consistent with a generally blunted reward sensitivity. Thus,
FHP subjects may have difficulty maintaining motivation or reward set, characterized by a
normal or insignificantly increased initial A1 response followed by diminished activation
during A2. Because this former result did not survive the most stringent multiple
comparison correction, it requires replication before confidence can be placed in it.
However, this pattern impies there could be important roles for both reward deficit and
reward sensitivity hypotheses of alcoholism risk for separate aspects of reward anticipation
psychological and neural processes.

Biol Psychiatry. Author manuscript; available in PMC 2013 June 09.
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Not unexpectedly, in a complex, connected, network mediating reward- and punishment-
related information, the pattern of blunted A2 was not unique to VS. We found similar
patterns in insula and OFC, regions processing interoceptive information and mapping
subjective emotions and emotionally-elicited bodily states (76), including evaluation of risks
versus rewards (77) related to motivational decisions and reward-related uncertainty (78)
and maintaining or controlling response/motivational set.

FHP subjects had greater A1 BOLD signal in the caudate when stringently corrected for
multiple comparisons. Also the amygdala, known to play an important role in amplifying
both positive and negative salience showed reduced activity in FHP during the outcome of
losses but not wins. Overall, the altered A2 NAcc activation pattern in FHP appeared to be
one example of more widespread activation alterations in an extended brain reward/
motivational system (51, 79-92).

Correlations of Impulsivity behavior with fMRI reward differences

In theory, impulsive choice may emerge from abnormal processing of reward magnitude or
deficient effects of delayed reinforcement (94). It has been hypothesized that dysfunctional
developmental changes in this reward system could lead to: 1) decreased motivation to seek
rewards, or 2) excessive/maladaptive increases in reward-seeking behaviors, such as various
types of substance abuse (1, 39).

Impulsivity measures are increased in children of substance-using parents (22); therefore we
assessed our FHP subjects on impulsivity-related characteristics. Surprisingly, increased
impulsivity scores (on any of the factors identified) did not characterize FHP subjects. One
possible explanation is that our results might reflect specific characteristics of our FHP
group. Given the mean subject age of 34 years, it is likely that those FHP subjects who were
initially most strongly inclined toward alcohol abuse were already “selected out” of our
subject pool by having already manifested alcohol abuse; thus our group may be relatively
less impulsive. This is consistent with Littlefield’s (95) showing that “maturing out” of
problematic alcohol involvement from ages 18 to 35 is associated with impulsivity
reductions. However, after conservative correction for multiple corrections we found that
impulsitivity scores on factor 2 (“Self-Reported Compulsivity and Reward/Punishment
Sensitivity” that included SPSRQ (punishment and reward) and Padua) was negatively
associated with VS BOLD response during A2. Bjork’s report examining children of
alcoholics, found no differences in VS activation between FHP and FHN adolescents, but
reported a correlation between NAcc activity during reward anticipation and scores on the
Brief Sensation-Seeking Scale. As noted above, that study’s design did not separate the Al
and A2 phases, but nevertheless Factor 3 in our current study that contained the Zuckerman
Sensation Seeking Scale (that is most conceptually similar to the Brief Sensation-Seeking
Scale) was not significantly correlated with NAcc activation in either the Al or A2 phase.

Overview of Findings

We confirmed our hypothesis of variant/blunted NAcc activation during A2 using a MID
task in FHP subjects and explored to what degree this response correlated with specific
impulsivity measures derived from multiple types of assessments of this domain. Our results
partially support our underlying premise that impulsivity and differential reward sensitivity
are associated with the (inherited) vulnerability to alcohol abuse and not merely
consequences of such abuse(96), suggesting in combination with prior reports (e.g. 42) that
altered reward-related brain activation may be both a heritable trait and a consequence of
alcohol use.

Biol Psychiatry. Author manuscript; available in PMC 2013 June 09.
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We hypothesize that from a cognitive/behavioral neuroscience perspective, the inherited
vulnerability to alcohol abuse is expressed as impaired ability to engage cortico-limbic
motivational circuitry by delayed rewards and punishments, biasing individuals toward
immediate rewards, exemplified by alcohol and impulsive behavior. Disturbed glutamate/
dopamine interaction in ventral striatum may be related to reward/motivational processes
associated with risk for persistent heavy drinking. Teens with alcohol/drug abusing parents
have characteristic personality patterns not explained by substance use in the teens
themselves (97) including thrill-seeking, risk taking, and low harm-avoidance. FHP youth
exhibit a specific event-related potential component sensitive to both familial alcohol
dependence history and personal externalizing/delinquent behaviors (98-100). Thus,
personality characteristics associated with family histories of substance use disorders are
found in child or adolescent offspring who have not yet developed these disorders (16, 17,
95). However, until the present study, there have been no fMRI studies analogous to the
Wrase group (42, 74) in non-alcohol abusing adults at—risk for alcoholism to test this
hypothesis.

We explore how our Al and A2 brain activity patterns might relate to alcohol abuse. One
explanation is that normal or slightly increased Al activation in FHP indicates that these
cues predict immediate reward; however this activity is not sustained over time through the
true reward anticipation period of A2. Thus, these individuals do not properly sustain
motivational states and are potentially more vulnerable to distractions that capture attention
despite uncertainty. They thus fail to appreciate the full motivational chain due to the wide
gulf between cue and reward/punishment. On those occasions when punishment is
experienced during the outcome phase, these individuals may both be surprised by it (and
thus show more amygdala reactivity to its arrival) and have failed to properly associate it
with the earlier punishment cue presented in A1, setting up an inappropriate chain of reward/
punishment learning. A second explanation is that reduced activation during A2 protects the
FHP subjects from alcohol abuse, through a mechanism that remains to be clarified.

Limitations and future directions

Our analysis combined outcome phases that grouped wins with non-wins and losses with
non-losses. Without clearly separating these two in each outcome phase, it is difficult to
attribute regional brain activation to wins and losses or positive and negative feedback. This
might explain why our outcome phases did not reveal widespread processing differences
between groups. Overall, our FHP subjects showed multiple activation differences in a
circuit previously shown to be related to anticipation and receipt of rewards and
punishments. This suggests that similar functional differences reported as characteristic of
alcohol abusers may also exist in individuals with family histories of alcoholism. In
addition, our subjects also did not have recorded data on smoking history status which could
potentially influence brain activation patterns. Although we endeavored to separate A1 and
A2 phases in our task design (e.g. they were uncorrelated with regard to regressor onsets
after convolution with the hemodynamic response function) as well as co-activating with
different brain regions in the two phases, it is possible that A1 and A2 share some
psychological overlap (e.g. representation of potential incentive). Future studies could better
differentiate these phases by having trials that include trials with and without the button
press phase.

Future directions may also include examination of in adolescent/early adult FHP group to
examine both whether specific impulsivity measures are elevated and if so their relationship
to task-related regional activation.
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Conclusion

To our knowledge, this is the first study to report multi-region, multi-phase variation in
reward processing in individuals FHP for alcoholism during an MID task. The findings
highlight the utility of our modified paradigm design, which more clearly demarcated the
overall anticipation phase into “Al1” reward prospect and “A2” reward anticipation
segments. We also noted specific impulsivity based correlations to patterns of NAcc
activation, with higher impulsivity factor scores correlating with lower (possibly abnormal)
NAcc activation patterns during A2.

Supplementary Material
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Figure 1.

Stages of the modified Monetary Incentive Delay Task. Al phase — Prospect of Reward, A2
phase — Anticipation of Reward and OC phase — Outcome of Reward or Loss
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Nacc activation in various phases of the Modified Monetary Incentive Delay Task (MID).
2a. NAcc activation in “Al1” Prospect of Reward phase, 2b. NAcc activation in “A2”
Anticipation of Reward phase, 2c. NAcc activation in the Outcome of Loss phase, 2d. NAcc
activation in the Outcome of Reward phase. Red = FHN > FHP/Blue = FHP > FHN. Please
note: NAcc response difference in the outcome of reward phase showed a non-significant
trend (p<0.06 uncorrected)
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Table 2
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Significant group difference values, corrected for multiple comparisons, reported for the peak voxel within the
apriori regional clusters along with their corresponding MNI coordinates across the various phases of the MID

task.
Region/Phase P value (FWE corrected) | T value (Peak MNI coordinates (x,y, z) | Cluster Extent (voxels)
Voxel)
Prospect of Reward (A1)
FHP > FHN
Caudate 0.02 4.20 -21-3618 568
Anticipation of Reward (A2)
FHN>FHP
Nucleus Accumbens 0.007 3.73 912-6 60
Insula 0.05 3.8 2718 -6 596
Orbital Frontal Cortex 0.007 4.74 3048 -12 571
Outcome of Reward
FHN>FHP None
Outcome of Loss
FHN>FHP
Amygadala 0.05 2.36 24 -2 =27 49
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