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Abstract

Background and aims: Susceptibility to use of addictive substances may in part result from a greater
preference for an immediate small reward relative to a larger delayed reward or relative insensitivity
to punishment. This fMRI study examined the neural basis of inhibiting an immediately rewarding
stimulus to obtain a larger delayed reward in smokers. We also investigated whether punishment
could modulate inhibitory control.

Design: The Monetary Incentive Go/NoGo (MI-Go/NoGo) task was administered that provided three
types of reward outcomes cantingent on inhibitory control perfarmance aver rewarding stimuli:
inhibition failure was either followed by no monetary reward {neutral condition), a small monetary
reward with immediate feedback (reward condition) or immediate monetary punishment
(punishment condition). In the reward and punishment conditions, successful inhibitory control
resulted in larger delayed rewards.

Setting: Community sample of smokers in the Melbourne (Australia) area.

Participants: Nineteen smaokers were compared with seventeen demaographically matched non-
smoking cantrols.

Measurements: Accuracy, reaction times and brain activation associated with the MI-Go/NoGo task.

Findings: Smokers showed hyperactivation in the right insula (p<.01,Cl:-1.03/-.19), inferior and
middle frontal gyrus (p<.01,Cl:.69/-.15), dorsolateral prefrontal cortex (p=.001,Cl:-.19/.24) and
inferior parietal lobe (p<.01,Cl:-.71/-.17) both during inhibition of an immediately rewarding stimulus
to obtain a larger delayed reward, and during inhibition of neutral stimuli. Group differences in brain
activity were not significant in the punishment condition in the right insula and dorsolateral
prefrontal cortex, most likely as a result of increased activation in non-smaking controls.

Conclusions: Compared with non-smakers, smokers showed increased neural activation when

resisting immediately rewarding stimuli and may be less sensitive to punishment as a strategy to
increase contraol over rewarding stimuli.

Keywords: Inhibitory control, reward, punishment, smokers. substance dependence. fmri



1. Introduction

Reduced inhibitory control is one of the key mechanisms underlying addictive behaviors (1-4). There
is alsa evidence that poor inhibitory control, which refers to a decreased ability to suppress
automatic and habitual behaviors, is prevalent in smokers (5, 6). Research examining the neural
mechanisms underlying decreased inhibitory control in smokers has shown dysfunctional cortical
activity in regions critically involved in inhibitory control, such as the inferior frontal gyrus (IFG), the
dorsolateral prefrontal cortex (DLPFC), the anterior cingulate cortex / pre-supplementary motor area
[ACC [/ pre-SMA) and the anterior insula (6, 7). Reduced inhibitory control as a consequence of
impaired prefrontal brain function may be especially problematic when habitual and rigid behavioral
patterns require alteration, such as during an attempt to give up smoking. Amongst other
explanations, difficulties inhibiting substance related behaviors may be the result of the preference
for an immediate small reward relative to a larger delayed reward (8) or may be the result of
insensitivity to negative outcomes (punishment) (9). While previous studies have linked the concepts
of reward and inhibitary contral in substance dependence {10, 11), the neural mechanisms that
contribute to reduced inhibitory control over reward in substance dependent humans have not yet
been fully investigated. Therefare, the current study examined whether enhanced reward sensitivity
and/or reduced punishment sensitivity may be associated with reduced inhibitory control in
smokers.

The preference for smaller immediate rewards over larger delayed rewards has
consistently been found in addicted individuals and is referred to as increased delayed discounting
(8, 12-15). Decreased delay discounting in smokers has been associated with higher smoking rates
(16) and unsuccessful quit attempts (15). In line with addiction theories, it is likely that persons with
heightened reward sensitivity for the substance of abuse will experience stronger prepotent
approach tendencies and these would require greater levels of cognitive inhibition (1, 17, 18). Thus

far, research examining inhibitory control in substance use typically employed Go/NoGo and Stop



Signal tasks involving neutral, rather than rewarding stimuli. A few studies in smokers, however, have
investigated control over craving evoked by smaking-related pictures or videos. Kober and colleagues
(19) showed that inhibition of craving is associated with increased activation in regions implicated in
inhibitory control, such as the right inferior frontal gyrus, while reductions in activity were reported
inreward related areas such as the striatum. Similarly, increased dorsal ACC and decreased
activation hilaterally in the cuneus and occipital gyrus was found in another study in which smokers
resisted craving during exposure to smoking-cues (20). These studies suggest that applying control
aver reward-related stimuli may be associated with changes in the balance hetween prefrontal
control regions and subcortical regions, as well as brain regions involved in visual processing. The
current study examined whether inhibition of an immediate and overt rewarding stimulus in favor of
a larger delayed reward also requires additional recruitment of control regions, consistent with the
patterns of activation reported for the suppression of craving evoked by drug-related stimuli.
Punishment insensitivity in addicted individuals may be another factor contributing to

deficient inhibitory control {9). Although this is a relatively unexplored area, reduced sensitivity to
punishment in behavioral performance has been suggested in addicted individuals (21-24).
Neuroimaging studies of drug dependent patients have also shown a diminished neural response to
monetary loss (25-27), in both sub-cartical ‘limbic’ regions such as the striatum and cortical regions
such as the anterior cingulate cortex. An fMRI study in smokers showed reduced activity in the
ventrolateral prefrontal cortex compared to healthy controls during punishment trials of a reversal
learning task (28). These studies have typically not examined the consequences of a reduced loss-
response to the ability to cantrol behavior (29). Preclinical research in rats, however, showed that
with extended cocaine self-administration rats develop resistance to the inhibitory effect of
punishment on drug self-administration, while punishment stimulated the inhibition of drug self-
administration in rats without an extended history of self-administration of cocaine (9, 30, 31).

To examine the effect of reward and punishment on brain activation associated with

inhibitory control, a modified version of the Go/NoGo paradigm (i.e., the Monetary Incentive



Go/NoGo task (32, 33)) was administered to smokers and non-smoking controls. This task aims to
examine neural activity during attempts to inhibit a prepotent response to a rewarding NoGo
stimulus. To mimic a rewarding scenario during smoking abstinence, the following contingencies
were introduced. First, NoGo stimuli were assigned via learning trials to be associated with monetary
reward. Second, failed inhibition over these NoGo trials resulted in small immediate monetary
rewards in the reward condition, while in the punishment condition failure to inhibit resulted in
immediate monetary loss. Successful inhibitory control over NoGo trials in both conditions resulted
in a larger delayed reward. Finally, the task also involved neutral NoGo trials without any rewarding
or punishing contingencies as a comparison condition. In line with the above-mentioned theories of
addiction, we hypothesized that smokers would have significantly greater difficulty inhibiting their
response to an immediate rewarding stimulus when compared to matched control participants,
neutral conditions or both. With regard to punishment, we expected that non-smoking controls
would adopt a more cautious responding style when failed inhibition resulted in an immediate

punishment, while this was not expected to influence hehavior to the same extent in smokers.

2. Materials and Methods

2.1 Participants

Nineteen smokers participated in this study. Groups were matched for age, estimated 1Q (34) and
gender. Exclusion criteria for both groups were (a) current substance abuse or dependence (other
than nicotine for the smoking group), (b) the presence of any physical or psychological illness, (c) use
of psychotropic medication or medication that may affect blood circulation and/or respiration, {d)
fMRI contraindications, and (e) left-handedness (35). Smokers smoked at least 15 cigarettes per day
for the duration of at least two years. The average score on the Fagerstrom Test for Nicotine
Dependence (FTND) (36) for smokers was 3.79. Non-smokers had smoked ten cigarettes or less

during their lifetime. See table 1 for details on participant characteristics. Smokers were instructed to



abstain from smoking for one hour before the experiment. This short period of smoking deprivation
was introduced in order to reduce the acute effects of nicotine on cognitive performance without
introducing significant withdrawal effects on cognitive performance. The study was conducted in
accordance with the Declaration of Helsinki and all participants provided written informed consent
before study onset. The human research ethics committee of The University of Melbourne approved

the study.

2.3 Task paradigm

Participants completed the Monetary Incentive Go/NoGo (MI-Go/NoGo) task that has been
described previously (32, 33). For a complete task description and details on timing of stimuli
presentation see supplementary materials. In short, the MI-Go/NoGo task consisted of two types of
Go trials and three types of NoGo trials. The first type of Go trial was a regular Go-trial that required
a button response. The second type of Go trial was a Go-Maney trial that also required a button
response and additionally paid monetary rewards in proportion to response speed. Participants were
asked to withhold their response upan presentation of NoGo stimuli. Three types of NoGao trials were
differentiated, i.e., NoGo Neutral, NoGo Reward and NoGo Punishment. For NoGo Neutral trials, no
maonetary reinforcement was applied to inhibition success or failure. The goal of NoGo Reward trials
was to measure inhibition of immediate rewarding stimuli. To cultivate an association with
immediate reward, stimuli presented as a NaoGo Reward trials were selected from a preceding task
block in which this stimulus was presented as a Go-Money trial. Consequently, the stimuli used as
NoGo Reward trials were learned to be associated with immediate monetary reward. Additionally,
failure to exert control over NoGo Reward trials resulted in small immediate monetary rewards,
whereas successful inhibitory control resulted in a larger but delayed reward comprising the sum of
the longest run of consecutive successful inhibitions. The objective of NoGo Punishment trials was to

measure whether punishment of failed inhibition over previously rewarding stimuli can be used to



overcome difficulties with inhibition of these stimuli. Therefore, NoGo Punishment trials were also
selected from a previous block in which they acted as a Go-Money trial, and successful inhibitory
control resulted a large delayed reward comprising the sum of the longest run of consecutive
successful inhihitions. However, failed inhibition of NoGo Punishment trials resulted in an immediate

monetary loss.

2.4 Image acquisition

Functional MR images were acquired at a 3T scanner (Siemens Magnetrom TrioTim, Erlangen,
Germany). 183 echao-planar imaging (EPI) sequences providing T2*-weighted blood oxygenation
level-dependent (BOLD) were acquired for each functional run with the following parameters:
repetition time (TR}, 2000ms; echo time, 35ms; flip angle, 90°; 32 contiguous slices of 4mm thickness,
in-plane resolution; 3.6 mm x 3.6 mm x 4 mm. Eight functional runs were collected for each
participant. A rapid-acquisition gradient echo T1-weighted image was acquired in 208 contiguous
axial slices with TR of 1900 ms, TE of 2.3 ms, FOV of 250 mm, and isotropic voxel size of 0.8 mm? for

anatomical reference.

2.6 Data analyses

Imaging data were analysed using SPM8 (Wellcome Trust Centre for Neuroimaging, London,
UK). Pre-processing of the functional data included realignment of all functional images. Movement
of all participants was less than 3 mm in any direction and movement parameters did not differ
between groups. The anatomical scan was coregistered to the mean T2*-weighted image.
Segmentation and normalization was performed using the unified segment and normalize framework
implemented in SPM8& (37) using the SPM T1-weighted MNI template. Voxel size was resampled to

2x2x2mm during normalization. Functional scans were spatially smoothed using a 3D full-width at



half-maximum Gaussian kernel of 8 mm. Correct trials for the NoGo conditions (NoGo Neutral, NoGo
Reward and NoGo Punishment) as well as Go-Money trials were modelled in the context of the
general linear madel using delta functions convolved with a canonical hemodynamic response
function. Additional regressors for events were included for errors and feedbhack epochs. The
baseline estimate was the mean activation recorded during the ongoing trial period (Go trials), such
that the activation observed during successful NoGo trial responses represents activation over and
above that required for the ongoing Go trials. Activation clusters revealed by a whaole-brain one-
sample t-test across groups including NoGo Neutral, Reward and Punishment trails (AND map) were
used to create functionally-derived regions of interest (ROIs; p< .005, FWE corrected, cluster size >50
voxels). Activation estimates (beta-values) for all participants in the three NoGo conditions were
extracted in the ROIs using Marshar (38). Due to a priori interest in the activity of the ventral
striatum an anatomically defined ROI (39) was created in the right and left nucleus accumbens
{NAcc). Activation estimates in the ROIs were analysed using a Group (smokers versus controls) x
Condition (NoGo Neutral versus NoGo Reward for the first research question and NoGo Neutral
versus NoGo Punishment for the second research question) Repeated Measures Analyses of Variance
{RM-ANOVA) in SPSS. Accuracy rates and reaction times for Go, NoGo and Go-Money trials were
analysed using the same Group x Condition RM-ANOVA's. In order to investigate NAcc activation
associated with immediate reward without the need for inhibition, activation estimates for Go-
Maney trials in the NAcc were analysed using a Group x Condition RM-ANOVA. Condition was
included as a 3-level within subject factor in this analysis as no specific hypotheses were specified for

Go-Money activation during the Reward or Punishment condition versus the Neutral condition.

3. Results

3.1.1 Behavioral results reward

Group (smokers versus controls) x Condition (Neutral versus Reward) RM-ANOVA’s did not show

significant main or interaction effects of Group and Condition for either NoGo, Go and Go-Money



accuracy rates. NoGo error reaction times did not show a main effect of Group or Condition.
However, a Group x Condition interaction was found. Post-hoc t-tests revealed that NoGo error
reaction times in smokers were faster in the reward condition relative to the neutral condition,
whereas there was no effect of Condition on NoGo reaction times for non-smoking controls. Go
reaction times showed a main effect of Condition, indicating Go reaction times were faster for both
groups in the reward versus neutral condition. No main or interaction effects of Group were found
for Go reaction times. Go-Money reaction times showed a similar pattern. A main effect of Condition
showed that Go-Money reaction times were faster in both groups in the reward versus neutral
condition. No main or interaction effects of Group were found for Go-Maoney reaction times. See

table 2 for means, 50s and F- and p-values of behavioral data.

3.1.2 Behavioral results punishment

Group (smokers versus controls) x Condition (Neutral versus Punishment) RM-ANOVA’s did not show
significant main or interaction effects of Group and Condition for either NoGo, Go and Go-Money
accuracy rates. NoGa reaction times did not show a main effect of Group or Condition. However, a
Group x Condition interaction was found. Post-hoc t-tests revealed that NoGo errar reaction times in
controls were slower in the punishment condition relative to the neutral condition, whereas there
was no effect of Condition on NoGo reaction times for smokers. No significant main or interaction
effects of Group and Condition were found for either Go or Go-Money reaction times. See table 2 for

means, SDs and F- and p-values of behavioral data.

3.2 Imaging results
Activation associated with correct inhibitory contral was observed in the right inferior/middle frontal

gyrus (IFG/MFG), the right dorsolateral prefrontal cortex (DLPFC), the right pre-supplementary motor



area (pre-SMA), the bilateral anterior insula, the bilateral inferior parietal lobe (IPL), the hilateral
superior temporal gyrus (STG), the posterior cingulate cortex (PCC), the right thalamus and bilateral
occipital regions (see table 3 and figure 1). These regions were used for functionally defined ROI

analyses.

3.2.1Imaging results reward

Activation for inhibitory control during neutral and reward conditions showed increased activation in
smokers relative to non-smoking controls in the right IFG/MFG, the right DLPFC, the right anterior
insula, and the right IPL. No main effect of Condition, nor Group x Condition interaction effects were
found. The remaining ROIs did not show main effects of Group, Condition or Group x Condition
interactions. See figure 1 and tahle 3 for details of results in all regions of interest, including F- and p-

values.

3.2.2 Imaging results punishment

Activation for inhibitory contral during neutral and punishment conditions showed Group x Condition
interactions in the right anterior insula, the right DLPFC and the left occipital region. Post-hoc tests in
the right insula and right DLPFC revealed similar activation patterns. During the neutral condition,
smokers showed increased activation relative to controls in these regions, whereas no group
differences were found during the punishment condition. Post-hoc tests in the left occipital region
revealed that inhibitory control-related brain activation in controls was increased in the punishment
condition relative to the neutral condition, whereas there was no effect of Condition for smokers.
Inhibitory control related activation in the right IFG and right IPL was increased in smokers relative to
control regardless of task condition. The right pre-SMA and the left STG showed a Group x Condition

interaction while post-hoc tests did nat reveal significant effects for Group or Condition. The

10



remaining ROIs did not show main effects of Group, Condition or Group x Condition interactions. See

figure 1 and table 3 for details of results in all regions of interest such as F-and p-values.

3.2.3Imaging results Nucleus accumbens Go-Money

A main effect of Group in the left NAcc showed that brain activation in smokers was enhanced for
Go-Money trials across Neutral, Reward and Punishment conditions F(1,34)=4.41, p<0.05. No main or
interaction effect of Condition was found. No main effect of Group, Condition or Group x Condition

interactions were found for activation in the right NAcc during Go-Money trials (all p’s >0.06).

4. Discussion

The current study examined the neural basis of inhibiting an immediately rewarding response
in order to obtain a larger delayed reward in smokers and non-smoking controls. We also
investigated whether punishment sensitivity could modulate the ahility to execute inhibitory control.
Results showed enhanced activation in the left NAcc in smokers relative to controls when they could
earn money without the need for inhibition (i.e., in Go-Money trials), which is consistent with past
findings of increased sensitivity to immediate reward in addicted populations (40, 41). With regard to
the inhibition of rewarding stimuli, the hypothesis that smokers would have difficulty inhibiting an
immediate reward in order to abtain a larger delayed reward was not confirmed by behavioral
measures such as accuracy rates. However, greater BOLD activity in the right IFG/MFG, insula, DLPFC
and IPL was found in smokers compared to non-smoking controls during successful inhibition of
rewarding NoGo trials, suggesting the application of greater effort to inhibit rewarding stimuli in
smokers. Increased brain activation during affectively neutral conditions in regions that are crucial
for inhibitory control has previously been found in cannabis users (42, 43) and has been interpreted
as a compensatory mechanism (44, 45), where maintaining equivalent performance compared to

non-addicted individuals requires recruitment of additional cortical activation. Heightened brain
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activation in smokers in these regions was also found during inhibition of neutral stimuli implying
that differences in brain activation associated with inhibitory contraol in smokers versus non-smoking
controls may not be specific to the reward-related context. As an alternative explanation, additional
recruitment of cortical activation for response inhibition might be consistent with proactive versus
reactive changes in Go/NoGo task related activation (46). Research on individual differences in
response inhibition indicates that better performance on tasks such as the Go/NoGo task is
associated with a more cautious response style, or proactive cognitive control (47). It may be that
smokers implement less proactive control during our task, reflected in their faster failed NoGo
reaction times, hence when a NoGo trial appears, an increased reactive control response and
associated neural activation must be implemented. Finally, the relative short time-frame of smoking
abstinence in the current study (one hour) may have contributed to the equivalent behavioral
performance of smokers and non-smoking controls (when combined with increased brain activation
in smokers), as previous studies have shown that smoking abstinence and withdrawal modulate

cognitive performance and prefrontal brain function (48, 49).

The current study also examined the role of punishment an inhibitory control. It was
hypothesized that punishments, via an immediate monetary fine for failed inhibition, would not
improve inhibitory control in smokers to the same extent as in non-smaking controls. The behavioral
data show such a trend, with control participants showing improved accuracy during the punishment
condition (relative to neutral) and smaokers showing a decline, but the small effect size renders this
difference non-significant with our samples. Despite this, brain activation in the right right IFG/MFG
and DLPFC was increased in smokers relative to non-smoking cantrols during neutral and reward
conditions, but not during the punishment conditions. Activation patterns (see figure 1) suggest that
the absence of group differences under conditions of punishment reflects additional activation in
non-smoking controls during the punishment compared to the neutral condition, an effect that was
significant in left visual areas and was not observed in smokers. Involvement of visual areas in
controlling behavior was previously ohserved by Brody and colleagues (20) when smokers decreased

12



visual processing of smaking cues in order to inhibit feelings of craving. Increased visual processing of
NoGo stimuli during the punishment condition by non-smoking controls would be consistent with the
heightened salience of punishment for non-smaking controls and may he associated with avoiding
future punishment. Therefore, these findings provide tentative evidence that smokers, in contrast to
non-smoking controls, may be less sensitive to punishment as a strategy to improve inhibitory
control. The same pattern of performance has previously been shown in a larger sample of harmful
drinkers using the same MI-Go/NoGo task (33). The present results should, however, be replicated in
smokers with higher FTND scores, as nicotine dependence levels in the current study were rather

low, despite of all smokers smoking at least fifteen cigarettes a day.

In the current study, accuracy rates were not significantly influenced by reward and
punishment conditions. Consequently, brain activation data should be interpreted in terms of
compensation/more efficient recruitment of cortical regions leading to similar performance levels
across conditions (45). Reaction times, however, showed expected effects according to task
conditions. For example, Go and Go-Money reaction times were faster in the reward versus neutral
condition, suggesting that the availability of immediate reward elicited a higher degree of impulsive

responding.

In conclusion, it was demonstrated that smaokers showed hyperactivation in the right insula,
IFG/MFG, DLPFC and IPL compared to non-smoking controls during inhibition of an immediately
rewarding stimulus in order to obtain a larger delayed reward. Additionally, tentative evidence is
provided that smakers are less sensitive to the inhibitory effect of punishment to guide control over
rewarding stimuli. Future studies should examine the role of punishment sensitivity as a core

component of compulsive substance use.
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Figure and table Captions

Figure 1. Activation patterns during successful NoGo trials in Neutral, Reward and Punishment
conditions in regions showing significant Group or Condition effects

NEU: neutral; REW: reward; PUN; punishment; MFG/IFG: middle frontal gyrus / inferior frontal gyrus;
DLPFC: dorsolateral prefrontal cortex; IPL: inferior parietal lobe; STG: superior temporal gyrus; OCC:

accipital

Tahle 1. Participant characteristics

Table 2. Accuracy rates and reaction times for the Mi-Go/NoGo task

Table 3. Regions of event-related activation during successful NoGo trials

® These regions originally appeared as one big cluster (28216 mm?) in the AND map, in order to retain
anatomical specificity this cluster was separated into these three regions using the AAL atlas. ® These
regions originally appeared as one big cluster (232192 mm®) in the AND map, in order to retain
anatomical specificity this cluster was separated into these three regions using the AAL atlas. Pre-
SMA: pre-supplementary motor area; IFG: Inferior frontal gyrus; MFG: middle frontal gyrus; DLPFC:
dorsolateral prefrantal gyrus; IPL: inferior parietal lobe; STG: superior temporal gyrus; PCC: posterior

cingulate cortex; OCC: accipital; NAcc: Nucleus Accumbens; S: smokers, C: cantrols
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Figure
Figure 1. Activation patterns during successful NoGo trials in Neutral, Reward and Punishment

conditions in regions showing significant Group or Condition effects
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NEU: neutral; REW: reward; PUN; punishment; MFG/IFG: middle frontal gyrus / inferior frontal gyrus;
DLPFC: dorsolateral prefrontal cortex; IPL: inferior parietal lobe; STG: superior temporal gyrus; OCC:

occipital
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Tables

Tahle 1. Participant characteristics

Smokers (n=19)

Controls (n=17)

Mean SD Range Mean SD Range p-value
Age 26.89 8.11 19-52 24.47 7.79 20-44 .83
Gender (m/f) 6/13 - -- 7/10 - - .54
Estimated IQ 114.72 5.00 102-122 114.80 7.67 102-122 .97
Cigarettes a day 18.95 4.40 15-30 -
Years of smoking 9.19 4.16 2.5-25 -
FTND scores 3.79 2.10 1-8 --

This article is protected by copyright. All rights reserved.



Table 2. Accuracy rates and reaction times for the MI-Go/NoGo task

Accuracy Reaction Times Statistics Reaction Times
Smokers Controls Smokers Controls
Category M sD M sD M sD M sD Group X Condition Condition
NoGo
Neutral 79.16 14.83 81.12 13.15 37670 6556 359.72 51.15
Reward 82.65 10.29 8229 10.29 349.30 47.59 370.80 4926 F(1,23)=4.19,p=.05 Smokers and not controls

Reward < Neutral, p<.05

Punishment 7800 11.67 82,65 7.47 36213 3811 38946 46.77 F(1,23)=4.19,p=.05 Controls and not smokers
Punishment > Reward, p<.05

Go
Neutral 99.11 2.28 96.59 12.38 407.13 5254 406.26 47.97
Reward 99.42 0.96 97.41 B8.13 352.25 4492 391.16 43.80 F1,34)=18.17, p<.001
Reward < Neutral, p<.001

Punishment 9553 1.02 99.29 196 40890 4047 41483 5307

Go-Money

Neutral 96.63 4.03 93.76 1216 39892 3842 404.07 42.07
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Reward

Punishment

98.05 3.36

97.47 2.59

96.76 8.34

97.41 464

379.49

407.23

38.20

32.67

381.11

406.47

44.49

51.30

F(1,34)= 30.06, p<.001
Reward < Neutral, p<.001
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Table 3. Regions of event-related activation during successful NoGo trials

Region MNI coordinates mm’® Reward Punishment
X Y z Group Group Condition Interaction
Pre-SMA 6 26 32 1448 - -- - F(1,34)=4.08,p=.05
Right Insula® 38 20 -6 3088 Main effect S > C Neutral s >C — F(1,34) =5.44, p<.05
F(1,34) =8.56 p < 0.01 F(1,34)=5.89,p< .05
Punishment - -
Right IFG/MFG* 47 20 22 10584 Main effect S>C Main effect S C - -
F(1,34) =9.65p<0.01 F(1,34)=7.12,p< .05
Right DLPFC® 38 27 34 14544 Main effect S > C Neutral > C - F(1,34)=5.19, p<.05
F(1,34)=12.92p=0.001 F(1,34)=7.23,p< .05
Punishment - -
Right 1PL° 39 -51 49 10840 Main effect 5> C Main effectS> C - -
F1,34)=11.14p<0.01  F(1,34)=5.09p < .05
LeftInsula -36 16 -6 1488 - - - -
Left IPL 40 52 48 2380 - — - -
PCC 0 -26 30 3808 - -- - -
Right STG" 56 39 6 8400 - - - -
LeftSTG -64 -6 6 1624 - -- - F(1,34)=4.93,p<.05
Right Thalamus 22 -28 -4 440 - — - -

This article is protected by copyright. All rights reserved.



Left OCC -20 -80 -10 20960 - -- Contraols: F(1,34)=4.07,p=.05
Punishment > Neutral
F(1,24)=4.94,p< .05

Smakers: - -
Right occ® 31 -78 19 12952 - - - -
Left NAcc -10 12 -2 4120 - - - -
Right NAcc 10 12 -2 4120 - - - -

® These regions originally appeared as one big cluster (28216 mm?) in the AND map, in order to retain anatomical specificity this cluster was separated into
these three regions using the AAL atlas. " These regions originally appeared as one big cluster (232192 mm?) in the AND map, in order to retain anatomical
specificity this cluster was separated into these three regions using the AAL atlas. Pre-SMA: pre-supplementary motor area; IFG: Inferior frontal gyrus; MFG:
middle frontal gyrus; DLPFC: darsolateral prefrontal gyrus; IPL: inferior parietal lobe; STG: superior temporal gyrus; PCC: posterior cingulate cortex; OCC:

occipital; NAcc: Nucleus Accumbens; S: smakers, C: controls
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