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Abstract
Enhanced brain reward function could contribute to resilience to trauma. Reward circuitry in active
duty, resilient special forces (SF) soldiers was evaluated using fMRI during a monetary incentive
delay task. Findings in this group of resilient individuals revealed unique patterns of activation during
expectation of reward in the subgenual prefrontal cortex and nucleus accumbens area; regions pivotal
to reward processes.
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1. Introduction
Posttraumatic stress disorder (PTSD) is associated with a reduced capacity for reward (Elman
et al., 2005) in addition to reexperiencing, avoidance and hyper-arousal symptoms. In contrast,
resilience to trauma may be characterized by robust reward function that may protect
individuals from developing psychopathology following exposure to severe stress (Charney,
2004). Identifying a biological marker for resilience could potentially help recruit subjects into
high risk professions and help target services to those vulnerable to PTSD immediately after
trauma exposure.

Special forces (SF) soldiers constitute an elite military group pre-selected and trained to be
resilient in the face of severe trauma (Morgan et al., 2000). Neuroimaging studies of the reward
system in this highly resilient group could provide clues to the neurobiology of risk and
resilience to trauma. The nucleus accumbens (NAc) plays a central role in reward function
(Di Chiara, 2002; Wise et al., 1992), while the subgenual prefrontal cortex (SGPFC) modulates
reward processes (Drevets et al., 1998) and is implicated in the pathophysiology of PTSD
(Rauch et al., 2003). Using functional magnetic resonance imaging (fMRI) during the monetary
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incentive delay (MID) task (Knutson et al., 2000), we tested the hypothesis that compared to
healthy civilian controls, SF soldiers will show greater recruitment of the ventral striatum (VS),
specifically the NAc, and the SGPFC.

2. Methods
2.1 Subjects

Eleven active duty, Caucasian, male SF soldiers were recruited from the U.S. Army John F.
Kennedy Special Warfare Training Center and School, Fort Bragg, NC and traveled to the
National Institutes of Mental Health (NIMH) for participation in the study. Free travel to
Bethesda, MD, and stay for two nights at a local hotel was arranged for SF soldiers. Eleven
age and sex-matched physically and psychiatrically healthy civilians were recruited through
fliers and advertisements. Controls resided locally and did not receive free room and board.
Both SF soldiers as well as civilian controls participated in several studies as part of the overall
research protocol and received similar remuneration for their participation. While research
participation occurred over a weekend in the SF soldiers, the schedule for civilian controls was
not compressed. All participants gave written informed consent as approved by the NIMH
Institutional Review Board.

SF soldiers (mean age 39±5 years), and civilians (mean age 40±7 years) were screened for
trauma exposure using the Life Events Checklist, Clinician Administered PTSD Scale (CAPS)
(Blake et al., 1990) and Structural Clinical Interview for DSM-IV Axis I disorder (SCID IV).
The Inventory of Depressive Symptomatology (IDS) (Rush et al., 1996) and Hamilton
Psychiatric Rating Scale for Anxiety (HAM-A) (Hamilton, 1959) were used to measure
depression and anxiety. Intelligence quotient (IQ) was measured using the Wechsler
Abbreviated Scale of Intelligence (WASI). All subjects were in good physical health and drug
free for at least two weeks. All SF soldiers had experienced traumatic events as defined by the
CAPS (Blake et al., 1990) and SCID. None met criteria for lifetime or current PTSD. Mean
CAPS score was 3.4 ± 6 in SF soldiers. Two SF soldiers met lifetime criteria for alcohol abuse
and were in complete remission, while another soldier met lifetime criteria for bereavement.
Civilians did not have a current, or past history of psychiatric illnesses according to the SCID
and had no prior history of traumatic experiences. Nine SF soldiers were right-handed, while
one was ambidextrous and another was left-handed. All civilians were right-handed.

Mean IQ was 111 ± 11 and 120 ± 9 for SF soldiers and civilians respectively (p=0.05). Mean
HAMA score in SF soldiers and civilians was 2 ± 3 and 1 ± 1 respectively and mean IDS score
was 1± 1 in both groups, confirming that both groups were neither anxious nor depressed.

2.2 Task
The MID task was designed to probe brain responses to anticipation of potential monetary gain
and reliably activates the ventral striatum (VS) (Knutson et al., 2000). Participants respond by
button press as quickly as possible at the presentation of a target. If the participants succeed in
pressing the button during target presentation (white square, 160-260ms), they either win or
avoid losing money. The button press is preceded by a cue indicating the type of trial (gain,
neutral, or loss) and the $ amount ($5-high, $1-medium, or $0.20-low). Similar accuracy
(average 60%) was maintained across subjects by adjusting the duration of the target to the
percent correct response.

2.3 Image acquisition and data analysis
Functional MRI data were acquired using a 3T scanner in four 8-min runs (20 trials each) using
a gradient-echo sequence (30 sagittal 4mm slices, TR = 2500 ms, TE = 23 ms, flip angle = 90°;
FOV = 24 cm, acquisition matrix 64 × 64). MRI data were analyzed using the Analysis of
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Functional Neuroimaging (AFNI) software (Cox, 1996). A random effects model was used to
compare neural responses to $5 gain cue and to neutral cue at the group level analysis.

Based on a priori hypotheses, a region-of-interest (ROI) analysis was conducted on NAc and
SGPFC. Both the NAc and the SGPFC were defined using a single mask in standardized
(Talairach) space. This template mask was then applied to all individual EPI data after Talairach
transformation (Talairach and Tournoux, 1988). The NAc ROI was defined using parameters
provided in the AFNI software. The SGPFC ROI, which is not provided by the AFNI program,
was traced by hand on a standardized structural brain using previously described anatomical
boundaries (Coryell et al., 2005). Analyses of variance were conducted on the mean extracted
blood-oxygen-level dependent (BOLD) signal changes from baseline of each ROI after
covarying for group differences in IQ.

3. Results (Fig 1a,b,c,d)
SF soldiers and civilians did not differ on behavioral performance. The mean level of accuracy
or hit rate (SF: 59+8 %, HS: 60+6 %) was similar in both groups. Reaction time for correct
responses to the 2 cues ($5 and neutral) did not differ between SF soldiers and civilians.

The right SGPFC showed a significant interaction between Group (SF vs. civilians) and
Condition (high-gain vs. neutral) (F1,19=5.29, P=0.03; effect size Cohen’s d=1.102, Figure
1a,b). This interaction reflected greater right SGPFC activation during anticipation of a $5
reward vs. a no-$ outcome in civilians (F1,10=7.30, P=0.02), in contrast to no difference in SF
soldiers (F1,10=0.96, P=0.35).

The right NAc (Fig 1c, d) showed a trend for a Condition by Group interaction (F1,19=3.74,
P=0.07; effect size Cohen’s d= 1.005, Fig 1c, d). SF soldiers demonstrated no difference in
right NAc activation between neutral and high reward anticipation (F1,10=0.06, P=0.81),
whereas civilians engaged this structure significantly more during high reward than no-reward
anticipation (F1,10=11.11, P=0.008).

None of the main effects of Group or Condition were significant for neither SGPFC nor NAc.

4. Discussion
In SF soldiers, SGPFC activation did not differentiate between anticipation of high-reward vs.
no-reward. However, in civilians, SGPFC activity was greater during the high-reward than the
no-reward condition. Right NAc activation in SF soldiers also did not differ between conditions
of no reward and high-reward, in contrast to civilians who showed greater activation during
high-reward compared to no-reward condition. Taken together, the SGPFC and the NAc was
non-responsive to reward valence in SF soldiers in contrast to civilian controls who had a
valence dependent increase in functional activity to increased reward. Since fMRI provides
only relative measures of neural activity, this non-responsiveness of the SGPFC and NAc in
SF soldiers could be attributed to either a tonically high or low or invariant baseline activity
in both neutral and reward conditions, Techniques like arterial spin labeling would be helpful
in clarifying this conundrum.

The SGPFC has been found to track reward values (Elliott et al., 2000) and to respond to acute
cocaine administration (Kufahl et al., 2005). This region is also implicated in the regulation of
emotional influence on cognition and could help with reappraisal or suppression of negative
emotion (reviewed in Quirk and Beer, 2006). Although these findings suggest that a “sturdy”
reward system could contribute to resilience, both the nature of the lack of sensitivity to small
rewards, and the relative level of basal functioning of the key components of this system (i.e.,
NAc and SGPFC) needs to be delineated in future work. .
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The findings from this study need to be considered in light of the following limitations. First,
non-traumatized civilians are not optimal controls to SF soldiers. Indeed, group differences
could be related to exposure to severe trauma per se rather than to resilience. Second,
differences in recruitment procedures, travel to the NIH, stay prior to the fMRI scans, and
remuneration for travel and stay could have altered the subjective value of the $5 incentive
used in the task. Third, the SF soldiers could have perceived their participation as a duty to
their country rather than a game that involves a small reward. A careful debriefing could have
clarified some of these points. However, all these limitations could be addressed in future
studies comparing trauma exposed individuals with and without PTSD. These preliminary
findings nevertheless, provide an important new lead for future research evaluating reward
mechanisms in post trauma psychological sequelae.
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Fig 1.
Fig 1a and b: Subgenual prefrontal cortex (SGPFC) response to a monetary incentive delay
task in 11 special force (SF) soldiers and 11 healthy civilian controls. (a) Mean (± SE) % BOLD
signal change in the right SGPFC region of interest in response to a high reward and neutral
cue after covarying for IQ [group × condition interaction: F(1,19)=5.29, p=0.03; effect size
Cohen’s d=1.102]. (b) Regional activation in the right SGFC rendered on a single-subject T1
image [P <.01 (t = 2.85)].
Fig 1c and d: Ventral striatal response to a monetary incentive delay task in 11 special force
(SF) soldiers and 11 healthy civilian controls. (c) Mean (± SE) % BOLD signal change in the
right accumbens (Acc) region of interest in response to a high reward and neutral cue after
covarying for IQ [(group × condition interaction: F(1,19)=3.74, p=0.07; effect size Cohen’s
d=1.005). (d) Regional activation in the right Acc rendered on a single-subject T1 image. [P
<.01 (t = 2.85)].
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