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B. OVERALL ACCOMPLISHMENTS

B.1 WHAT ARE THE MAJOR GOALS OF THE PROJECT?

Specific Aims: Psychological resilience is defined as the ability of an individual to adapt successfully to severe stress, trauma or
adversity. Three of the most widely replicated and potentially modifiable protective factors linked to psychological resilience
are: (1) emotion regulation, (2) positive emotions, and (3) the ability to harness social support. (1) Emotion regulation is a key
component of psychological resilience, and has been associated with greater executive function.1, 2 Optimal emotion
regulation skills underlie adaptive coping strategies such as active coping and planning during stressful times, which
characterize resilient individuals.3, 4 (2) Positive emotions, closely linked to reward system function,5, 6 also promote
resilience to stress. Positive emotions enhance social connectedness and adaptive coping,7 enable more flexible psychological
responses,8, 9 and facilitate efficient physiological recovery following exposure to stress.10 (3) The ability to establish and
nurture a supportive social network is a critical factor linked to resilience. Resilient individuals report high levels of social
support, which functions as a safety net in stressful situations.4, 11 Competent social cognition, defined as “the capacity to
perceive, interpret and generate responses to the intentions, dispositions and behavior of other people”,12 is critical to
developing and maintaining a supportive social network. Conversely, a recent meta-analysis revealed pronounced deficits in
social cognition (i.e., emotion recognition, mentalizing) in individuals with posttraumatic stress disorder (PTSD),12 which may
contribute to functional impairment in this population. While a large body of work has helped identify these three core
psychological domains associated with resilience, little is known about the function of neural circuits underlying these three
domains in resilient individuals. To address this gap, we propose to characterize brain function in neural circuits subserving (1)
implicit (automatic) emotion regulation, (2) reward processing, and (3) social cognition in a sample of highly resilient World
Trade Center (WTC) responders, who have remained resilient despite enduring severe WTC-related exposures, in comparison
to two groups of WTC responders: (a) a “symptomatic” group with chronic, clinically significant WTC-related PTSD symptoms,
and (b) a “low WTC-exposed control” group without psychiatric disorder, who experienced significantly lower levels of WTC-
related exposures. Elucidating the function of neural circuits underlying core psychological domains associated with resilience
is critical to informing the etiology of resilience, and to developing personalized prevention and treatment approaches
designed to promote resilience in WTC responders and other trauma survivors. The proposed study will capitalize on the
existence of a unique and well-characterized sample of over 300 WTC responders who have been evaluated in-depth by our
team (NIOSH-funded UO1 grants OH010407 and OH010986), and whose WTC-related PTSD symptom trajectories range from
highly resilient to chronically symptomatic.

Specific Aim 1: To examine brain function in neural circuits subserving automatic emotion regulation in a sample of highly
resilient WTC responders compared to symptomatic and low WTC-exposed control groups. Hypothesis: Highly resilient WTC
responders will demonstrate significantly greater rostral anterior cingulate cortex (rACC) activation during emotional conflict
(incongruent condition) than during the congruent condition, while the low WTC-exposed control group will show a smaller
difference in rACC activation across these two conditions and the symptomatic group will not show modulation of rACC
activation across conditions.13

Specific Aim 2: To examine brain function in neural circuits mediating reward responses during reward anticipation in highly
resilient WTC responders compared to symptomatic and low WTC-exposed control groups. Hypothesis: During the anticipation
phase, highly resilient WTC responders will not demonstrate differential activation in reward-processing regions [ventral
striatum and ventromedial prefrontal cortex (vmPFC)] between the high-reward and no-reward conditions, while the low WTC-
exposed control group will show greater activation in reward-processing regions during the high-reward vs. no-reward
conditions.14 The symptomatic group will have the lowest activation in reward processing regions during the high-reward
condition compared to the other groups.

Specific Aim 3: To examine brain function in neural circuits involved in social cognition in highly resilient WTC responders
compared to symptomatic and low WTC-exposed control groups. Hypothesis: Highly resilient WTC responders will show
greater activation in brain regions involved in social cognition (mentalizing) (medial PFC [mPFC], inferior frontal gyrus,
precuneus, temporoparietal junction) compared to the low WTC-exposed group.15, 16 The symptomatic group will have the
lowest activation compared to the other groups.

Exploratory analyses will probe for between-group differences in resting-state functional connectivity between our a priori
regions of interest and the rest of the brain.

Specific Aim 4: To use density-based spatial clustering to identify heterogeneous patterns of brain function in neural circuits
subserving the three psychological domains evaluated in Aims 1, 2, and 3. Hypothesis: Resilience is a heterogeneous
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phenotype. On a region-by-region basis, across individuals, brain activations in the highly resilient group will evidence

common and distinct neural mechanisms underlying emotion regulation, reward processing, and social cognition that are

indicative of distinct pathways to resilience.

B.1.a Have the major goals changed since the initial competing award or previous report?

No

B.2 WHAT WAS ACCOMPLISHED UNDER THESE GOALS?

File Uploaded : FINAL REPORT.pdf

B.3 COMPETITIVE REVISIONS/ADMINISTRATIVE SUPPLEMENTS

For this reporting period, is there one or more Revision/Supplement associated with this award for which reporting is
required?

No

B.4 WHAT OPPORTUNITIES FOR TRAINING AND PROFESSIONAL DEVELOPMENT HAS THE PROJECT PROVIDED?

NOTHING TO REPORT

B.5 HOW HAVE THE RESULTS BEEN DISSEMINATED TO COMMUNITIES OF INTEREST?

NOTHING TO REPORT

B.6 WHAT DO YOU PLAN TO DO DURING THE NEXT REPORTING PERIOD TO ACCOMPLISH THE GOALS?

Not Applicable
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List of Terms and Abbreviations

These are included in the text for ease of reading.
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Abstract

Background. Psychological resilience is defined as the ability to adapt successfully to severe stress, trauma,
or adversity. A large body of work identifies three core psychological factors associated with resilience’2. (1)
Emotion regulation, which supports adaptive coping?; (2) positive emotions, linked to reward system function,*®
and (3) the ability to harness social support, via competent social cognition®. However, little is known about the
corresponding neural circuits in resilient individuals. This study aimed to address this gap by characterizing
brain activity subserving (7) implicit (automatic) emotion regulation, (2) reward processing, and (3) social
cognition, in a sample of highly resilient World Trade Center (WTC) responders, in comparison to a
symptomatic group with WTC-related posttraumatic stress disorder (PTSD), and a lower WTC-exposed control

group.

Methods. A total of 98 eligible participants (aged <65 years), recruited from the WTC Health Program General
Responder Cohort, were classified into three groups based on number of potentially traumatic WTC-related
exposures (range 0-10) and WTC-related PTSD diagnostic status: (1) a "highly resilient” group (n=33, >4
exposures, no lifetime DSM-5 disorders), (2) a “lower WTC-exposed” group (n=32, <3 exposures, no lifetime
DSM-5 disorders) and (3) and a “PTSD” group (lifetime DSM-5 WTC-related PTSD and persistent past-month
full or subthreshold PTSD). Exclusion criteria included lifetime psychosis or bipolar disorder; unstable medical
illness; central nervous system disorder or head injury; substance use disorder in prior 3 months; and Montreal
Cognitive Assessment score < 23. On Visit 1, participants completed clinician-administered and self-report
measures, including the Structured Clinical Interview for DSM-5 (SCID-5) and the Clinician-Administered PTSD
Scale for DSM-5 (CAPS-5). On Visit 2, participants completed an fMRI scan, including an emotional face-word
Stroop task, the Incentive Flanker Task, and the Reading the Mind in the Eyes Test (RMET). On Visit 3,
participants completed additional cognitive and behavioral tasks on a computer.

Results. We compared BOLD activation within a priori regions of interest (per task) across the three groups.
The highly resilient group demonstrated the greatest activation in key regions of interest involved in automatic
emotion regulation (rostral anterior cingulate) and response to reward (ventral striatum) compared to the PTSD
group. The lower WTC-exposed group appeared to engage both regions in a similar manner to the highly
resilient group, but not to a sufficient extent to significantly differ from either highly resilient or PTSD groups.
Region of interest analyses did not identify any significant differences on the social cognition task. However,
preliminary results from the whole brain analysis suggest that the PTSD group did not effectively engage a
canonical social cognition region (not one of the planned ROIs) compared to the other two groups. Further
analyses are ongoing and aim to examine how task-related brain activity patterns may relate to heterogeneous
resilience trajectories. Other exploratory analyses will examine resilience-linked differences in brain structure,
resting state functional connectivity, and performance on Visit 3 tasks.

Conclusions. These findings contribute to our understanding of the neural instantiation of psychological
factors that enable some individuals to be highly resilient despite high trauma exposure burden.
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SECTION 1
Significant or Key Findings

This was, to our knowledge, the first fMRI study to investigate emotion regulation, reward responsivity, and
social cognition as putative resilience mechanisms underlying psychological factors widely linked to resilience
to trauma, in a sample of World Trade Center (WTC) rescue and recovery workers, some of whom also
survived the 9/11/2001 attacks. This unique sample allowed us to compare the most highly resilient WTC
responders (“highly resilient” responders, with no lifetime psychiatric disorders despite high levels of potentially
traumatic WTC-related exposures) to two groups of WTC responders: resilient responders with lower WTC-
exposures (“lower WTC-exposed control” group) and symptomatic responders with lifetime WTC-related PTSD
and persistent clinically significant PTSD symptoms approximately two decades after the 9/11 attacks (“PTSD”

group).
Significant and key findings include the following:

1. Highly resilient WTC responders reacted to incongruent emotional stimuli by engaging the rostral anterior
cingulate cortex (rACC), whereas symptomatic responders (PTSD group) did not appear to engage the rACC.
Lower WTC-exposed control responders showed lesser emotional conflict-related rACC activation than the
highly resilient group, but more than the PTSD group. This finding suggests that emotion regulation capacity in
highly resilient individuals is supported by greater recruitment of key brain regions involved in conflict resolution
and automatic emotion regulation, such as the rACC (Specific Aim 1).

2. Highly resilient WTC responders showed the greatest degree of anticipatory deactivation of the ventral
striatum, a key reward region, when presented with a cue indicating a potential monetary loss (vs. neutral or
gain cues), compared to both the PTSD and lower WTC-exposed groups. Number of WTC-related exposures
appeared to modulate ventral striatum activation in responders with no lifetime psychiatric disorders, such that
the lower WTC-exposed group showed a smaller decrease in ventral striatum activation than the highly
resilient group in response to loss cues. The PTSD group did not demonstrate differential ventral striatum
deactivation during anticipation of potential reward, loss, or neutral outcomes (Specific Aim 2). Analysis of
consummatory loss- and reward-related activation in reward-related regions of interest (ROIs) is currently in
progress.

3. In our preliminary region of interest (ROI) analysis of a social cognition task, we did not identify any
significant group differences in recruitment of multiple key brain regions involved in social processes or in task
performance. However, exploratory whole-brain analysis pointed to a social cognition-related region that was
not one of our ROIs — the posterior superior temporal sulcus —, with stronger activation in both resilient groups
compared with the PTSD group during the task condition that required Theory of Mind decisions (Specific Aim
3).

4. Density-based spatial clustering analysis is ongoing, with the aim of identifying resilience subgroups based
on heterogeneous patterns of neural activity across the three fMRI tasks (Specific Aim 4). This could provide
insight into individual differences in resilience and adaptation after trauma exposure.

5. Exploratory analyses are ongoing, including analysis of the structural and resting state neuroimaging data
and behavioral data from ancillary out-of-scanner tasks measuring social, affective, and reward processes. We
are also examining the differential impact that specific exposures (e.g., encountering human remains; being
injured in the attacks or during the WTC recovery effort) may have on vulnerability to adverse psychological
outcomes in WTC responders.

Translation of Findings

Findings from this novel neuroimaging study of resilience to trauma exposure in WTC responders suggest
that the most resilient individuals (e.g., good psychological functioning without any lifetime psychiatric disorders
despite high levels of potentially traumatic WTC-related exposures) exhibit differential functioning in neural
circuitry involved in automatic emotion regulation, anticipation of reward and loss, and potentially social
cognition — from both resilient WTC responder controls with lower levels of WTC-related exposures, and from
symptomatic WTC responders with persistent clinically significant PTSD symptoms approximately two decades
after the events of 9/11/2001.
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Research Outcomes/Impact

These findings add to our understanding of how specific psychological factors that enable some individuals
to be highly resilient even in the face of severe trauma exposure are instantiated in the brain. Knowledge
gained from the study of neural function in highly resilient individuals can be harnessed to develop novel
approaches to help prevent the development of trauma-related psychopathology or to mitigate
psychopathology in those already experiencing posttraumatic stress symptoms, among WTC populations as
well as future disaster survivors and responders.
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SECTION 2

Scientific Report
Background

Psychological resilience is defined as the ability of an individual to adapt successfully to severe stress, trauma,
or adversity. Three of the most widely replicated and potentially modifiable protective factors linked to
psychological resilience are (1) emotion regulation, (2) positive emotions, and (3) the ability to harness social
support. (1) Emotion regulation is a key component of psychological resilience and is associated with greater
executive function.”® Optimal emotion regulation skills underlie adaptive coping strategies such as active coping
and planning in response to stress or trauma exposure, which characterize resilient individuals.®® (2) Positive
emotions, closely linked to reward system function,*® also promote resilience to stress. Positive emotions
enhance social connectedness and adaptive coping,'® enable more flexible psychological responses,’'? and
facilitate efficient physiological recovery following exposure to stress.' (3) The ability to establish and nurture a
supportive social network is a critical factor linked to resilience. Resilient individuals report high levels of social
support, which functions as a safety net in stressful situations.>® Competent social cognition, defined as “the
capacity to perceive, interpret and generate responses to the intentions, dispositions and behavior of other
people”,™ is critical to developing and maintaining a supportive social network. Conversely, studies have
revealed significant deficits in social cognition (i.e., emotion recognition, mentalizing) in individuals with PTSD,
which may contribute to functional impairment in this population’®.

While a large body of work has helped identify these three core psychological factors associated with
resilience, little is known about the function of neural circuits underlying these three factors in resilient individuals.
The present study aimed to address this gap by characterizing brain function in neural circuits subserving (1)
implicit (automatic) emotion regulation, (2) reward processing, and (3) social cognition in a sample of
highly resilient World Trade Center (WTC) responders, who have remained resilient (with no lifetime DSM-5
psychiatric disorders) despite high levels of WTC-related exposures (= 4 exposures), in comparison to two
groups of WTC responders: (a) a “PTSD” group with lifetime DSM-5 WTC-related PTSD and persistent clinically
significant WTC-related PTSD symptoms in the past month, and (b) a “lower WTC-exposed control” group
with no lifetime DSM-5 psychiatric disorders, who experienced lower levels of WTC-related exposures (< 3
exposures). Elucidating the function of neural circuits underlying core psychological factors associated with
resilience is critical to informing the etiology of resilience, and to developing personalized prevention and
treatment approaches designed to promote resilience and recovery in WTC responders and other trauma
survivors.

Specific Aims

Specific Aim 1: To examine brain function in neural circuits subserving automatic emotion regulation in a
sample of highly resilient WTC responders compared to PTSD and lower WTC-exposed control groups.
Hypothesis: Highly resilient WTC responders will demonstrate significantly greater rostral anterior cingulate
cortex (rACC) activation during emotional conflict (incongruent condition) than during the congruent condition,
while the lower WTC-exposed control group will show a smaller difference in rACC activation across these two
conditions and the symptomatic (PTSD) group will not show modulation of rACC activation across conditions.'®

Specific Aim 2: To examine brain function in neural circuits mediating reward responses during reward
anticipation in highly resilient WTC responders compared to symptomatic (PTSD) and low WTC-exposed control
groups. Hypothesis: During the anticipation phase of the incentive flanker task', highly resilient WTC
responders will not demonstrate differential activation in reward-processing regions [ventral striatum and
ventromedial prefrontal cortex (vmPFC)] between the high-reward and no-reward conditions, while the low WTC-
exposed control group will show greater activation in reward-processing regions during the high-reward vs. no-
reward conditions.' The symptomatic (PTSD) group will have the lowest activation in reward processing regions
during the high-reward condition compared to the other groups.

Specific Aim 3: To examine brain function in neural circuits involved in social cognition in highly resilient WTC
responders compared to symptomatic (PTSD) and low WTC-exposed control groups. Hypothesis: Highly
resilient WTC responders will show greater activation in brain regions involved in social cognition (mentalizing)
(medial PFC [mPFC], inferior frontal gyrus, precuneus, temporoparietal junction) compared to the low WTC-
exposed group.'®? The symptomatic (PTSD) group will have the lowest activation compared to the other groups.

Final RPPR Page 10



B.2 (FINAL REPORT.pdf)

Exploratory analyses will probe for between-group differences in resting-state functional connectivity between
our a priori regions of interest and the rest of the brain.

Specific Aim 4: To use density-based spatial clustering to identify heterogeneous patterns of brain function in
neural circuits subserving the three psychological domains evaluated in Aims 1, 2, and 3. Hypothesis:
Resilience is a heterogeneous phenotype. On a region-by-region basis, across individuals, brain activations
in the highly resilient group will evidence common and distinct neural mechanisms underlying emotion
regulation, reward processing, and social cognition that are indicative of distinct pathways to resilience.

Methodology
Recruitment and Eligibility

Participants were recruited from the WTC Health Program General Responder Cohort (WTC-HP GRC) in
collaboration with the WTC-HP GRC Data Center. Data Center staff initially provided de-identified data,
collected longitudinally at all five WTC-HP Clinical Centers of Excellence during periodic monitoring visits and
housed at the Data Center, from WTC-HP GRC members who had provided written consent to be contacted
for future studies — to determine provisional eligibility. The Data Center then provided lists of names and
contact information from selected groups of responders who met provisional eligibility, so that the study team
could reach out to them.

WTC-HP GRC members were also recruited by contacting WTC responders who had previously
participated in NIOSH-funded studies led by Dr. Feder (U0O1 OH010986 and U0O1 OH010407) and had provided
written consent to be contacted for future studies by the study team. For the PTSD group, some WTC-HP GRC
members were referred by their clinicians at the WTC Mental Health Program at Mount Sinai, if they expressed
interest in being evaluated for study participation.

Eligible male and female responders, aged < 65 years, were recruited into three groups (see Table 1 for
participant characteristics): (1) highly resilient responders, who remained psychologically resilient (i.e., with no
lifetime DSM-5 psychiatric disorders) despite exposure to = 4 WTC-related exposures out of a total of 10
potentially traumatic WTC-related exposures (e.g., participated in search and rescue, exposed to human
remains, experienced death of a colleague or loved one); (2) lower WTC-exposed control responders with no
lifetime DSM-5 psychiatric disorders, who had experienced < 3 WTC-related exposures; and (3) symptomatic
responders, who met DSM-5 criteria for lifetime WTC-related PTSD on the CAPS-5 and persistent past-month full
or subthreshold PTSD (PTSD group).

Data about potentially traumatic WTC-related exposures, already collected on the full cohort of WTC
responders on their first WTC-HP health monitoring visit, was provided by the WTC-HP GRC Data Center and
supplemented with data collected by the study team during the present study.

Key exclusion criteria included lifetime history psychotic or bipolar disorder; any unstable medical disorder likely
to involve central nervous system functioning; history of significant head injury; meeting DSM-5 criteria for alcohol
and/or substance use disorder within the prior 3 months; current treatment with opioid medication, benzodiazepines
or mood stabilizers; score < 23 on the Montreal Cognitive Assessment (MoCA); estimated full scale 1Q < 80,
positive urine toxicology for drugs of abuse; currently pregnant; and non-proficiency in English.

Study Procedures

Potential study participants were initially sent an invitation letter by the study team, via mail or email, followed
by phone calls. Interested potential participants initially completed a phone screen, administered by a member
of the study team, to confirm preliminary eligibility for the study.

WTC responders who were found to be preliminarily eligible based on the phone screen were scheduled for
the first study visit.

During Visit 1, potential participants first completed informed consent procedures, administered by a member
of the study team, with ample opportunity to ask any questions or voice any concerns. After the onset of the
COVID pandemic, participants had the option to complete this study visit remotely via HIPAA-compliant Zoom
video platform approved by Mount Sinai. Participants signed the study consent form either in person or
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electronically. After providing signed consent, participants were administered the Montreal Cognitive
Assessment (MoCA)?' and the Wechsler Test of Adult Reading (WTAR)?? by a member of the study team.
Participants were then asked to complete several self-report questionnaires, including demographic
characteristics, a checklist of diagnosed medical problems, scales to assess lifetime traumas — the Traumatic
Life Events Questionnaire (TLEQ)? and the Childhood Trauma Questionnaire (CTQ)?*, the PTSD Checklist for
DSM-5 (PCL-5)* the Beck Depression Inventory — Version Il (BDI-I)*, and additional scales to assess
psychological traits associated with resilience (e.g., trait optimism, positive emotions, perceived social support).

A study clinician (licensed Masters- and PhD-level clinical social workers, postdoctoral fellow with a PhD in
clinical psychology, supervised by Dr. Feder), then met with the participant to conduct a full assessment, starting
by reviewing the participant's WTC-related exposures, and then administering the Clinician-Administered PTSD
Scale for DSM-5 (CAPS-5)?" and the Structured Clinical Interview for DSM-5 (SCID-5)?® to determine participant
eligibility into one of the three study groups and to characterize symptom severity. Available electronic medical
records, as well as the participant’s reported medical history, current medical problems, and current medications
were reviewed by the study team in consultation with MPIs Drs. Feder and Perez-Rodriguez.

Eligible participants based on the Visit-1 assessments and clinical evaluation were scheduled for Visit 2, in
person.

During Visit 2, participants completed the study MRI scan, including three fMRI tasks: the Trauma-unrelated
Emotional Interference Task (FaceStroop), the Incentive Flanker Task (IFT), and a modified version of the
Reading the Mind in the Eyes Task (RMET).

During the FaceStroop task'®, participants view black and white photographs of 10 faces (5 male), each
displaying one happy and one fearful expression, with either the word “happy” or “afraid” superimposed on each
face. Participants are instructed to use a button box to indicate whether faces are happy or afraid. In the
congruent condition (low interference), the superimposed word matches the facial expression. In the incongruent
condition (high interference), the superimposed word does not match the facial expression.

The Incentive Flanker Task (IFT)' is a variant of the Monetary Incentive Delay (MID) task. Cues presented
prior to letter stimuli designate the monetary value for each trial: (1) “gain” cues indicate that participants earn
50 cents with a correct response (and fail to gain with an error); (2) “loss” cues indicate that participants can
avoid a loss of 50 cents with a correct response (and lose money with an error); and (3) “neutral” cues indicate
that no money is at stake. Two-thirds of all cues are followed by the letter stimuli. Immediately after the participant
response, outcome feedback is presented, followed by a blank inter-trial interval. Letter stimuli (flanker portion
of the task): during the flanker portion, participants are asked to press the left response button for target letters
S/K and the right button for letters H/C. Target letters are flanked by letters associated with the same button
press (low conflict) or different button press (high conflict).

During the modified version of the Reading of the Mind in the Eyes Task (RMET),?° participants are asked to
choose which out of two words best describes the emotion expressed in a picture of the eye region of an
individual. Participants respond by pressing one of two buttons with the right index or middle finger to select the
left or right word respectively. Thirty-six pictures of the eye region are presented (18 male and 18 female). In a
control condition (“gender”, a sex discrimination task), for the same 36 pictures of eyes, the participants have to
judge whether the eyes belong to a man or woman.

During Visit 3 (participants had the option to complete this visit remotely via HIPAA-compliant Zoom video
platform after the onset of the COVID pandemic), several behavioral tasks were administered outside the
scanner to supplement fMRI data, including the Dot Probe Task®, the Probabilistic Reward Task (PRT),*' the
Movie for the Assessment of Social Cognition (MASC),*? and the unmodified Reading of the Mind in the Eyes
(RMET)" outside the scanner.

A total of 97 (out of 98) participants completed the MRI scan: 33 in the highly resilient group, 32 in the PTSD group,
and 32 in the lower WTC-exposed group. One participant from the latter group was unable to complete the MRI
session due to claustrophobia but did return for study Visit 3 to complete the tasks outside the scanner. A total
of 89 (out of 98) participants completed the ancillary behavioral tasks administered outside the scanner (Visit 3).
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Figure 1. Study Recruitment and Enrollment
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MRI Acquisition

MRI data were acquired using a Siemens Skyra 3T scanner at the Icahn School of Medicine at Mount
Sinai’s Biomedical Engineering and Imaging Institute (BMEII).

The T1-weighted MRI sequence parameters included an isotropic spatial resolution of 320 x 320 x 0.8
mmA3 voxels, slice thickness 0.8 mm, TR of 2400ms, TE of 2.07ms, 8° flip angle, and 319 phase encoding
steps. Inversion time (Tl) was set to 1 second for improved tissue contrast. The imaging frequency was
123.249 MHz, and the pixel bandwidth was 240 Hz/pixel. Parallel imaging with a reduction factor of 2 was
utilized for improved acquisition speed. The acquisition matrix in the phase-encoding direction was 320, and 32
reference lines were acquired for phase encoding.

The fMRI acquisition used a muti-echo EPI sequence with the following parameters: 3mm slice thickness,
240mm FOV, 59 phase encoding steps, 45° flip angle, and TR of 0.882 seconds. There were four echoes
acquired for each MRI volume, TEs = (.011, .0297, 0.0484, 0.0671) seconds. The phase encoding was
performed in the anteroposterior direction (j-) to minimize susceptibility artifacts. Total acquisition time varied
depending on the specific task. To accelerate the acquisition, parallel imaging was used with a reduction factor
of 2 in the in-plane direction. The fMRI data were acquired using multiband acceleration with a factor of 5,
allowing simultaneous acquisition of multiple slices.

Data Analysis

Neuroimaging Data
fMRI Preprocessing

fMRI data preprocessing used fMRIPrep 21.0.2 to generate individual motion-, susceptibility distortion-, and
slice timing-corrected echoes. These partially preprocessed echoes were subsequently denoised using TE-
dependent independent components analysis (TEDANA 0.0.12): multi-echo data were optimally combined
using the T2* combination method, and principal component analysis followed by the 'stabilized' Kundu
component selection decision tree was applied to the optimally combined data to identify BOLD (TE-
dependent), non-BOLD (TE-independent), and uncertain (low-variance) components. The denoised optimally
combined images for each task and run were smoothed with a 6-mm FWHM Gaussian kernel before single-
subject and group-level analysis in SPM12.

fMRIPrep leverages preprocessing modules from different fMRI software programs (e.g., ANTs, AFNI,
Freesurfer, FSL) that have different strengths in particular aspects of preprocessing. The T1w (anatomical)
preprocessing pipeline in fMRIPrep 21.0.2 includes steps for skull-stripping, segmentation, brain surface
reconstruction, intensity non-uniformity correction, and spatial normalization to the MNI152NLin2009cAsym
template via nonlinear registration. fMRIPrep 21.0.2 functional data preprocessing includes steps correcting for
inhomogeneities in the gradient field using the echo-1 B0O-nonuniformity fieldmaps (susceptibility distortion
correction; SDC), slice timing correction to 0.382s (0.5 of slice acquisition range 0s-0.765s), and co-registration
to the T1w image. If fieldmaps were not available to perform SDC using Phase Encoding POLARIty
(PEPOLAR) techniques or PEPOLAR failed, SDC was applied using a fieldmap-less method of correction via
nonlinear registration, as implemented in fMRIPrep’s SyN-SDC option. SyN-SDC was applied to selected tasks
from two participants: one whose FaceStroop, IFT, and resting state fieldmaps were acquired with wrong
phase encoding direction, and another participant whose RMET fieldmaps were missing entirely (likely
accidentally skipped during the scan session).

fMRI Analysis

fMRI analyses were conducted using Matlab batch script implementations of utilities from SPM12. The
default SPM AR(1) algorithm may underestimate temporal autocorrelation in multiband EPI data, due to its
higher temporal resolution, so address this potential issue, we used the FAST algorithm for autocorrelation
correction *. For two of the three tasks (FaceStroop and RMET), neural responses to stimulus onsets were
modeled using a variable duration (trial duration = reaction time on that trial), convolved with a hemodynamic
response function. For the IFT “anticipation/cue” onsets, the hemodynamic response function was convolved
with stimulus presentation duration as participants only viewed the cue and did not make any responses. The
IFT flanker onsets were modeled using a variable duration based on reaction time. A general linear model with
OLS was applied to all runs of the task(s) to obtain individual contrast images per subject. These first-level
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contrast images were aggregated at the group level in a whole brain 1-sample T test to assess task effects
(e.g., Incongruent > Congruent) at a familywise error (FWE)-corrected p = .05 threshold for statistical
significance.

Region of interest (ROI) analyses involved extracting each participant’s contrast parameter estimates within
binary masks of a priori ROI(s), using Marsbar 0.45. Estimated BOLD activation within the ROI(s) served as
dependent variable(s) for subsequent statistical analyses in R.

Behavioral Data

For all tasks, behavioral data were cleaned following established procedures (e.g., aggregating trial-level
data from each participant to create summary scores, applying any quality control criteria based on task
performance identifying and addressing extreme values) from previously published studies for that task.
Specific analysis details are reported below in the Results section for each Aim. Broadly, preliminary
behavioral analyses focused on testing for group differences in task performance using mixed ANOVAs with
one between-subjects factor with three levels (group) and varying levels of one or more within-subjects factor
(e.g., condition, run). Variables that differ between groups will be entered as fixed factors or covariates in the
final analyses — namely, responder type, gender, and lifetime trauma (including childhood trauma).

Results
Demographic and Clinical Characteristics

The majority of the sample (N = 98) were White, later-middle aged men who had been employed in a
traditional responder role, such as NYPD officer, at the time of the 9/11 attacks on the World Trade Center.
The three groups were generally well-matched in terms of demographics, estimated full-scale 1Q, and
handedness (Table 1).

Table 1. Demographic and Clinical Characteristics of the Sample

Lower WTC- PTSD Highly Overall p value
exposed (N=32) resilient (N=98)
(N=33) (N=33)
Age .621
Mean (+ SD) 53 (£ 6.0) 54 (£ 6.4) 54 (+ 4.6) 54 (£5.7)
Sex 445
Male 25 (76 %) 26 (81 %) 29 (88 %) 80 (82 %)
Female 8 (24 %) 6 (19 %) 4 (12 %) 18 (18 %)
Race 412
Asian 0 (0 %) 2 (6 %) 2 (6 %) 4 (4 %)
Black 1(3 %) 4 (12 %) 4 (12 %) 9 (9 %)
White 28 (85 %) 20 (62 %) 21 (64 %) 69 (70 %)
Unspecified 4 (12 %) 6 (19 %) 6 (18 %) 16 (16 %)
Ethnicity .602
Non-Hispanic 29 (88 %) 26 (81 %) 26 (79 %) 81 (83 %)
Hispanic 4 (12 %) 6 (19 %) 7 (21 %) 17 (17 %)
Employment .062
Disabled (not WTC-related) 13 %) 3 (9 %) 2 (6 %) 6 (6 %)
Disabled (WTC-related) 0 (0 %) 4 (12 %) 0 (0 %) 4 (4 %)
Full time 14 (42 %) 16 (50 %) 19 (58 %) 49 (50 %)
Part time 6 (18 %) 3 (9 %) 5 (15 %) 14 (14 %)
Retired 11 (33 %) 4 (12 %) 7 (21 %) 22 (22 %)
Unemployed or Other 1(3 %) 2 (6 %) 0 (0 %) 3 (3 %)
Highest level of education .289
High school degree 1(3 %) 6 (19 %) 4 (12 %) 11 (11 %)
Some college 515 %) 5 (16 %) 8 (24 %) 18 (18 %)
Two-year college degree 4 (12 %) 5 (16 %) 2 (6 %) 11 (11 %)
Four-year degree 17 (52 %) 7 (22 %) 11 (33 %) 35 (36 %)
Some graduate or professional 2 (6 %) 1(3 %) 1(3 %) 4 (4 %)
Graduate or professional degree 4 (12 %) 8 (25 %) 7 (21 %) 19 (19 %)
Estimated full-scale 1Q
Mean (SD) 110 (£ 9.3) 110 (£ 11) 110 (£ 9.3) 110 (£ 10) 151
Missing 0 (0%) 1(3.1%) 0 (0%) 1(1.0%)
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Responder type <.001
Non-traditional 5 (15 %) 19 (59 %) 3 (9 %) 27 (28 %)
Traditional (e.g., police, fire, EMS) 28 (85 %) 13 (41 %) 30 (91 %) 71 (72 %)

Number of WTC exposures <.001
Mean (SD) 2.5(x0.97) 54 (£24) 55(£1.2) 4.5 (£2.1)

Right-handed 442
No 3 (9 %) 3 (9 %) 6 (18 %) 12 (12 %)
Yes 30 (91 %) 29 (91 %) 27 (82 %) 86 (88 %)

CAPS-5 - Past Month <.001
Mean (SD) 0.94 (+1.4) 28 (£ 10) 0.94 (x1.1) 9.9 (x 14)

CAPS-5 — Worst Month <.001
Mean (SD) 2.4 (£2.6) 42 (£ 14) 24 (£24) 15 (+ 20)

Beck Depression Inventory-Il <.001
Mean (SD) 1.2 (£ 2.0) 20 (£ 12) 0.69 (x1.4) 7.0 (£ 11)
Missing 0 (0%) 1(3.1%) 1 (3.0%) 2 (2.0%)

Note: Participants with 'Unspecified' race provided ethnicity but not race, due to survey design of this question. BDI-Il total is missing for
two participants because they provided no response on one or more items. Missing data will be addressed by multiple imputation in
final analyses. CAPS-5 = Clinician-Administered PTSD Scale for DSM-5. BDI-Il = Beck Depression Inventory — Version Il. P values
from chi square (categorical variables) or F (numeric variables) tests.

Table 2. Prevalence of Other DSM-5 Psychiatric Diagnoses (Current and Lifetime) in the PTSD Group

SCID-5 diagnosis Current Lifetime
Major depressive disorder 10 (31.3%) 19 (59.4%)
Persistent depressive disorder 7 (21.9%) 12 (37.5%)
Other specified depressive disorder - 1(3.1%)
Generalized anxiety disorder 3 (9.4%) 3 (9.4%)
Panic disorder 5(15.6%) 9 (28.1%)
Social anxiety disorder 4 (12.5%) 4 (12.5%)
Substance use disorder - 14 (43.8%)

Note: Participants with lifetime alcohol or substance use disorder(s) were eligible for the study only if they had not met DSM-5 criteria
for alcohol or substance use disorder diagnosis within the past 3 months. SCID-5 = Structured Clinical Interview for DSM-5.

Specific Aim 1: Neuroimaging of Implicit Emotion Regulation in Resilient and Symptomatic World
Trade Center Responders

Quality Control and Processing

fMRI data. See sections under Methods and Data Analysis (above) for details of fMRI acquisition and
preprocessing. Ninety-six of 98 participants completed the FaceStroop task (one did not have time to complete
the FaceStroop during his scan session, and one opted to discontinue Visit 2 due to claustrophobia before any
imaging data had been collected). FaceStroop fMRI data from 6 participants was excluded due to excessive
motion in the scanner (n = 5) or technical error in MRI acquisition (n = 1).

Behavioral data. An additional 5 participants were excluded based on conventional quality control thresholds
for FaceStroop performance (<25% missed trials and >75% accuracy'®). After excluding trials with conditions
of no interest (fixation cross display; trials with “XXX” overlaid instead of a word) and/or errors of commission
or omission as is typical for this task, all trials had reaction times <2000ms. In keeping with established
methods, we also dropped any trials on which reaction time was <200ms, as very brief response latencies
typically reflect “misfires” rather than an intentional response.

Preliminary Findings for Aim 1
FaceStroop analyses included data from 85 participants: n=31 highly resilient responders n = 26 lower WTC-
exposed responders, and n = 28 symptomatic responders (PTSD group).
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Task performance. Individual trial-level reaction times were aggregated within the following levels: participant,
task run (1 or 2), condition (incongruent or congruent), and emotion valence of the target (happy or afraid
face). Task accuracy was calculated over all trials on which participants responded, as well as accuracy within
condition (incongruent or congruent). There was no significant effect of group in separate mixed 3 (Group) x 2
(Emotion) x 2 (Condition) ANOVAs: Mean RT F(2,83) = 1.23, p = .299, Accuracy F(2,83) = 2.38, p = .099.
There were no significant interactions between group and the other factors. As typically for this and similar
tasks, participants on the whole were slower to respond and less accurate on incongruent trials: Mean RT
F(1,83) = 144.87, p < .001, Accuracy F(1,83) = 202.09, p < .001. These results are consistent with the prior
FaceStroop study where there were no significant differences in task performance between trauma-exposed
controls vs. individuals with PTSD'®.

Region of interest analysis. To test our Rostral ACC modulation by emotional conflict (n = 85)
a-priori region of interest hypotheses, we
created an 8-mm sphere around the
rostral ACC peak coordinates reported in
Offringa et al. (2013) [x=16, y=36, z=34]
and extracted participants’ Incongruent >
Congruent BOLD activation estimates
within the spherical mask. Consistent with
our prediction, we observed an overall
effect of group, F(2,82) = 3.20, p = .046, 0.0
such that the highly resilient group showed
the greatest rACC response to emotional
conflict, followed by the lower WTC-
exposed group, with minimal to no rACC
activation in the PTSD group (Figure 2).
Linear contrast results supported our
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Figure 2. Rostral ACC Modulation by Emotional Conflict.

specific directional hypotheses: rACC in Mean (and standard error) in each group: rostral anterior cingulate BOLD activation
High|y Resilient > PTSD (b = 0_17, SE = from the Incongruent > Congruent contrast, representing engagement during
0.70, t(82) = 2.48, p= _015), Highly implicit emotion regulation.

Resilient > Lower WTC-Exposed (b =

0.05, SE =0.07, ¢(82) = 0.72, p = .48), and Lower WTC-Exposed > PTSD (b =0.12, SE =0.13, £(82) = 1.67, p
=.098). Effects were similar when using the combined bilateral subgenual and pregenual ACC masks from the
Automated Anatomical Labeling Atlas (AAL3) to define the rACC region of interest. Though the overall effect of
group was no longer statistically significant using the atlas-defined rACC mask, F(1,82) = 2.11, p = .128, the
linear contrast results supported the same conclusion: Highly Resilient > PTSD (b = 0.26, SE = 0.13, {(82) =
2.03, p =.046), Highly Resilient > Lower WTC-Exposed (b = 0.09, SE = 0.13, {(82) = .67, p = .504), and Lower
WTC-Exposed > PTSD (b =1.70, SE = 0.13, {(82) = 1.29, p = .202).

Analyses in progress and planned analyses. Analyses in progress will examine “emotional conflict
adaptation” (i.e., response to post-incongruent incongruent trials vs. post-incongruent congruent trials), linked
in previous studies to rACC functioning, as an additional index of implicit emotion regulation®*.

Specific Aim 2: Neuroimaging of Reward Responsivity in Resilient and Symptomatic World Trade
Center Responders

Quality Control and Processing

fMRI data. See sections under Methods and Data Analysis (above) for details of fMRI acquisition and
preprocessing. Ninety seven of 98 participants completed the IFT (one opted to discontinue Visit 2 due to
claustrophobia before any imaging data had been collected). fMRI data from 3 participants were excluded due
to excessive motion in the scanner (n = 1), issues with temporal syncing between the scanner and behavioral
data (n = 1) or technical error in MRI acquisition (n = 1).

Behavioral data. After excluding missed trials, individual trial-level reaction times (RTs) were aggregated
within the following strata: participant, flanker interference (high/incongruent or low/congruent), incentive
condition (gain cue, null cue, loss cue), incentive outcome (gain, null, or lose money), and feedback (positive or
negative). Trial-level RTs ranged from 200-1700ms. Because of the stringent upper limit on RTs, no trials were
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discarded as outliers. Task accuracy (n correct / total trials with a response) was calculated within participant,
incentive condition, and flanker interference, as
We" as Overa" tr|a|S Mean reaction time (ms)

Group
Preliminary Findings for Aim 2 I Highly resilient
Lower WTC-exposed
IFT analyses included data from 93 participants: PTSD

n = 31 highly resilient, n = 31 lower WTC-

exposed, and n = 31 responders with PTSD. 800
Task performance. There was no significant

effect of group in separate mixed 3 (Group) x 2 .
(Interference) x 3 (Incentive Cue) ANOVAs for

Mean RT F(2,90) = .03, p = .739 and Accuracy i
F(2,90) = 2.04, p = .136. Accuracy on high-

interference flanker trials was lower than on low-
interference trials, F(1,90) = 46.25, p <.001 -

(averaged across incentive cues and group). edrd Inc en'?iffe oo gan

Mean RTs on high-interference trials were slower

than on low-interference trials, F(1,90) = 16.24, p <.001. There was an interaction between group and incentive
cue, F(4,180) = 3.71, p = .006. Pairwise contrasts with Holm correction for multiple comparisons indicated that
in the highly resilient and lower WTC-exposed groups, null incentive trials were faster than loss incentive trials.
In the highly resilient group only, loss incentive trials were slower than gain incentive trials. There were no
significant RT differences by incentive cue in the PTSD group (Figure 3).
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Whole brain analysis. After obtaining single-subject T contrast images, a 1-sample T contrast at the group
level was used to examine the effect of reward anticipation (Gain cue > Loss cue) across the whole brain.
Relative to Loss cues, Gain cues elicited greater activation in visual and spatial attention areas (FWE-
corrected p < .05, k = 20), as well as additional regions at a lower statistical threshold (uncorrected p <.001, k =
20), including the dorsal and ventral striatum, thalamus, dorsal and ventral ACC, and medial prefrontal cortex.
We identified two clusters corresponding to our vmPFC and ventral striatum ROls, one within the medial orbital
area of the superior frontal gyrus (x=-4, y=56, z=-2) and the other overlapping with nucleus accumbens and
olfactory tubercle (i.e., ventral striatum, x=-18, y=10, z=-14), respectively (Figure 4).

mPFC @ -4 -56 -2

Figure 4. Incentive Flanker Task ROIs

Red activation map illustrates brain regions showing an
effect of reward vs. loss anticipation (Gain Cue > Loss Cue,
thresholded at 7= 3.09, p =.001, k = 10). Yellow circles
indicate clusters corresponding to the vmPFC and ventral
striatum. Green and blue-shaded underlays indicate,

respectively, atlas-defined vmPFC (AAL3 #21, 22) and
ventral striatum. (AAL3 #156, 157, 17, 18) and their ,«1“1-
overlap with the vmPFC and ventral striatum functionally

defined ROls.

Region of interest analysis. To test our a priori region of interest hypotheses about the IFT anticipation
phase, we created “functionally defined” masks of the vmPFC and ventral striatum based on the two clusters
that corresponded to vmPFC and ventral striatum from the 1-sample T test of Gain Cue > Loss Cue across the
whole brain, and then extracted participants’ parameter estimates within each of the two ROls.
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Using the functionally defined ROls, there was
no significant overall effect of group on reward
anticipation-related vmPFC activation, F(2,90) =
27, p =.762, nor the ventral striatum, F(2,90) =
1.93, p = .151 (i.e., Gain Cue > Loss Cue
contrast). However, for the ventral striatum, the
direction of linear contrast results supported our
directional hypotheses: highly resilient > PTSD
(t(90) = 1.95, p = .054), highly resilient > lower
WTC-exposed (£(90) = 0.76, p = .45), and lower
WTC-exposed > PTSD (#(90) = 1.19, p = .237)
(Figure 5).

Interestingly, examining ventral striatum parameter
estimates when Gain and Loss Cues were each
contrasted with the Neutral Cue clarified that that
the Gain Cue > Loss Cue effect in the highly
resilient group was driven by ventral striatum
deactivation in the Loss Cue > Neutral Cue
contrast (Figure 6). In other words, it appears that
the highly resilient group on average exhibited
similar ventral striatum activation to Gain and
Neutral Cues, that was substantially greater than
their ventral striatum response to Loss Cues. In
contrast, ventral striatum activation in the PTSD
group appeared not to significantly differ across
anticipation of reward, loss, or neutral monetary
outcome. The lower WTC-exposed group showed
similar ventral striatum effects to the highly
resilient group but the difference between lower
WTC-exposed and the other two groups was not
statistically significant. Loss Cue > Neutral Cue
linear contrast results: highly resilient > PTSD
(t(90) = -2.24, p = .023), highly resilient > lower
WTC-exposed (£(90) = -0.78, p = .433), and lower
WTC-exposed > PTSD (#90) = -1.45, p = .150).
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Figure 5. Ventral Striatum Modulation by Reward
Anticipation (vs. Loss).
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Figure 6. Ventral Striatum Modulation by Reward and
Loss Anticipation (vs. Neutral).

Ventral striatum (-18 10 -14) mean parameter estimates by group, for

gain cue > neutral cue and loss cue > neutral cue.
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Analyses in progress and planned analyses.

Analyses in progress will investigate whether neural responses to receiving (rather than anticipating) monetary
reward also varies by group. Future exploratory analyses will examine the flanker data as an index of executive
functioning and cognitive control. We are also exploring different modeling strategies to avoid potential issues
with collinearity between regressors and to test the linear effect of cue condition more directly (e.g., modeling
“condition” as a parametric modulator of the main “cue” regressor, rather than three separate regressors).

Specific Aim 3: Neuroimaging of Social Cognition in Resilient and Symptomatic World Trade Center
Responders

Quality Control and Processing

fMRI data. See sections under Methods and Data Analysis (above) for details of MRI acquisition and
preprocessing. Ninety-seven of 98 participants completed the RMET (one opted to discontinue Visit 2 due to
claustrophobia before any imaging data had been collected). fMRI data from four participants were excluded
due to excessive motion in the scanner (n = 4) or technical error in MRI acquisition (n = 1).

Behavioral data. Individual trials on which reaction time was above or below three standard deviations from
the mean of all trials across the sample were dropped. After filtering out missed and outlier trials, individual
trial-level reaction times were aggregated within the following strata: participant, task run (1 or 2), and condition
(social or non-social decision). Task accuracy was calculated over all trials on which participants responded,
as well as accuracy within condition.
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Preliminary Findings for Aim 3

RMET analyses included data from 93 participants: n = 32 in the highly resilient group, n = 30 in the lower
WTC-exposed group, and n = 31 in the PTSD group.

Task performance. Individual trial-level reaction times were aggregated within the following strata: participant,

task run (1 or 2), and condition Reaction time Accuracy
(social decision or non-social Highly resent  Lower WIC-oxposed  PTSD e e
decision). Task accuracy was 2500

calculated over all trials on which
participants responded, as well as
within condition. All three groups
were slower to respond and less
accurate on social trials: Mean RT
F(1,90) = 263.0, p <.001, Accuracy 1
F(1,90) = 255.51, p < .001 (Figure ol 00/
7) In two separate mixed 3 (Group) Mheel | o wed G el s e s e
x 2 (Condition) ANOVAs for mean

RT and accuracy, there was no
significant effect of group: Mean RT Across all three groups, participants were significantly slower to respond and less accurate
F(2,90) = 2.28, p = .108, Accuracy on social vs. non-social decision trials (pairwise comparisons p < .001).

F(2,90) = 0.91, p = .407. There were

no significant interactions between group and condition. However, linear contrasts comparing groups identified
that the lower WTC-exposed group was significantly faster to respond (across both conditions) vs. the PTSD
group, b = 103.5, SE = 51.3, 1(90) = 2.02, p = .046. Performance in the highly resilient group did not
significantly differ from either the PTSD or lower WTC-exposed groups.
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Figure 7. Reading the Mind in the Eyes: Task Performance by Group.

Whole brain analysis. Because of the relatively high difficulty of the social condition in this version of the
RMET and the fact that incorrect trials still required the participant to make a judgement using social cognition,
error trials were not modeled separately from correct trials. After obtaining single-subject T contrast images, a
1-sample T contrast at the group level was used to examine the effect of Social > Non-social across the whole
brain. The whole brain analysis showed a robust task effect where the Social condition elicited greater
activation in regions typically involved in social cognition and theory of mind?° (FWE-corrected p < .05, k = 20).
Peak coordinates corresponding to our a-priori ROls were located in the left (-50, 30, -2) and right (46, 32, -2)
inferior frontal gyri, right temporoparietal junction (46, -34, 4), left dnPFC (-6, 60, 30 and -10, 32, 58) and right
(4, 62, 26) dmPFC, and right temporal pole (50, 16, -32). Other brain regions that showed an effect of Social
vs. Non-social included the posterior cingulate (-2, -48, 30), middle cingulate (-8, 14, 66), and supplementary
motor area (-8, 14, 66) (Figure 8).

Region of interest analysis. To test our a priori region of interest hypotheses, we created masks of the ROIs
described above from the 1-sample T test of Social > Non-social across the whole brain, and then extracted
participants’ parameter estimates from within each of these. Contrary to hypotheses, there was no statistically
significant effect of group on any of the ROIs: right IFG F(2,90) = .02, left IFG F(2,90) = .40, TPJ F(2,90) = .72,
right dmPFC F(2,90) = .09, left dmPFC F(2,90) = .09, right temporal pole F(2,90) = .19 (all p’s >.50) (Figure 9).
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Figure 8. RMET Social Cognition ROIs. Figure 9. RMET ROlIs by Group.
Red activation map illustrates brain regions showing Mean parameter estimates for Social > Non-social within each of the ROIs
an effect of social cognition (Social > Non-social) (bilateral inferior frontal gyri, bilateral dmPFC, right temporoparietal junction,
thresholded at T =4.51, pFWE =.05, k = 20). Yellow right temporal pole).

circles indicate clusters corresponding to a priori
regions of interest for the RMET.

In progress and planned analyses. Analyses in progress are investigating potential relationships between
social cognition-related BOLD activation, self-report measures of social functioning, and/or performance on the
out-of-scanner original version of the Reading the Mind in the Eyes Test. Further, an F-test for the effect of
group across the whole brain identified a posterior superior temporal sulcus cluster with greater activation in
both the highly resilient and lower WTC-exposed groups versus the PTSD group (albeit at an uncorrected
statistical threshold, p < .001, k = 10). The posterior superior temporal sulcus is consistently linked to social
cognition in healthy adults, as well as poor social cognition in disorders including schizophrenia and autism.
We intend to follow up on this exploratory finding.

Specific Aim 4: Identifying Heterogeneous Patterns of Brain Activity linked to Resilience via Density-
based Spatial Clustering.

In progress and planned analyses. Resilience is a heterogeneous phenotype. On a region-by-region basis,
across individuals, we hypothesize brain activations in the highly resilient group will evidence common and
distinct neural mechanisms underlying emotion regulation, reward processing, and social cognition that are
indicative of distinct pathways to resilience. Analyses for Aim 4 will be completed after finalizing the analyses
from Aims 1-3.

Future Work

Exploratory analyses will probe for between-group differences in resting-state functional connectivity between
our a-priori regions of interest and the rest of the brain. We will also use group independent components
analysis to examine functional network connectivity among large-scale brain networks implicated in
psychopathology and resilience, including default, cognitive control, and salience networks. Analyses of
behavioral data from Visit 3 (out-of-scanner RMET, MASC, Dot Probe, PRT) are currently underway.
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Discussion

Insights derived from the study of functional neural mechanisms in highly resilient rescue and recovery
workers are essential to informing the etiology of resilience, and for the development of novel preventive and
treatment interventions for WTC and other disaster responders, as well as other populations of trauma
survivors.?528 This was, to our knowledge, the first study to investigate key neural circuits for emotion
regulation, reward processing, and social cognition hypothesized to facilitate resilience to trauma exposure in a
sample of WTC responders, who all experienced the same potentially traumatic event (albeit differing in
exposure severity) but show markedly different trajectories of psychological functioning over 20 years since the
September 111, 2001 attacks. Importantly, we were able to recruit a sample of highly resilient WTC responders
who have remained psychologically well with no lifetime psychiatric disorder, despite having endured severe
WTC-related exposures ("highly resilient"). We compared these highly resilient individuals to two groups, the
first being WTC responders who were also resilient (no lifetime psychiatric disorder) but had lower severity of
WTC-related exposures (“lower WTC-exposed”), and the second being WTC responders who developed WTC-
related PTSD and are still experiencing clinically significant, chronic PTSD symptoms as a result of their
involvement in the 9/11 rescue and recovery efforts. Existing functional neuroimaging studies have primarily
focused on individuals with PTSD, without further characterizing the resilient group (trauma-exposed control
group) when included. Further, the vast majority of studies compared neural responses in PTSD patients to
either trauma-exposed or unexposed controls — not accounting for the fact that trauma exposure is not equally
distributed across individuals.

In the present study, highly resilient WTC responders exhibited higher BOLD activation in a-priori regions of
interest related to implicit or automatic emotion regulation (rostral anterior cingulate; rACC) (Specific Aim 1)
as well as reward anticipation (ventral striatum) (Specific Aim 2), compared to both symptomatic and non-
symptomatic comparison groups. Notably, in both Aims 1 and 2, findings were consistent with the
hypothesized linear effect of resilience (highly resilient > lower WTC-exposed > PTSD groups), such that the
difference between highly resilient and PTSD groups was statistically significant, while the difference in
activation between the lower WTC-exposed group vs. the other two groups was not.

Our findings extend previous work implicating reward responsivity and emotion regulation in the ability to
avoid negative psychological effects of trauma and adversity?. For example, a prior study found diminished
rACC response to the same affective FaceStroop task we used in the present study, in individuals with PTSD
compared to trauma-exposed controls'®. We replicated the finding that rACC engagement during automatic
emotional conflict regulation is modulated by PTSD, further elaborating on this effect by showing that higher vs.
lower trauma exposure burden also modulates rACC activation in resilient individuals (Specific Aim 1). The
rACC plays a key role in regulating emotional conflict, via functional connectivity with the amygdala34, and our
finding is consistent with the idea that greater ability to inhibit limbic reactivity by engaging the medial prefrontal
cortex represents a resilience-promoting adaptation after trauma exposure (e.g., Chen et al 2018)%.

Our findings also add to previous work regarding the role of reward responsivity in resilience to trauma.
Lesser reactivity to any motivationally salient stimulus — positive or negative — might allow for greater stability in
a changing environment, enabling the individual to maintain focus on goals in the face of salient yet irrelevant
cues (e.g., Vythilingam et al 2009)'®. However, positive emotions and traits such as dispositional optimism are
consistently linked to resilience in humans and require intact sensitivity to potential rewards in the environment
— in contrast to the anhedonia and blunted reward response commonly seen in individuals with PTSD'. In the
present study, the highly resilient group showed greater ventral striatum activation while anticipating potential
reward vs. loss in a modified monetary incentive delay task, compared to the PTSD group (at a statistically
significant level) and the lower-WTC-exposed group (though not statistically significant) (Specific Aim 2). This
effect was driven by the fact that the highly resilient group exhibited ventral striatum deactivation on trials with
a potential loss outcome; activation in the ventral striatum was not substantially different in reward anticipation
vs. neutral (no potential gain or loss of money) anticipation. In contrast, in both the lower WTC-exposed and
PTSD groups ventral striatum response to loss incentive cues varied little from the response to neutral and
reward cues. This finding may help explain why we see mixed findings in previous fMRI studies: resilient
individuals may appear either more or less responsive to reward depending on the comparison condition used.
Lack of difference between reward and neutral conditions may indicate either lesser reward-related activation,
or a higher reward response to neutral cues in resilient individuals. The next step in Specific Aim 2 is to
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analyze ROI activation during the outcome period of the task, in which participants learn whether they won
money, lost money, or neither (consummatory reward).

We also examined social cognition-related regions of interest during a modified Reading the Mind in the
Eyes task, including the dorsomedial PFC, temporal pole, temporoparietal junction, and inferior frontal gyri
(Specific Aim 3). Social cognition is an emerging area of interest in resilience neuroscience?; despite few
existing neuroimaging studies, the ability to accurately read and respond adaptively to social cues helps
individuals maintain supportive the social networks consistently shown to buffer negative effects of trauma
exposure. Our preliminary analyses for this aim did not identify any group differences in either behavioral
performance on the task, nor social cognition-related activation within any of our regions of interest, despite the
task eliciting a robust, canonical pattern of social cognition-related activation across the groups in the whole-
brain analysis. However, we did see a potential signal of differential social cognition-related neural functioning
in the posterior superior temporal sulcus in the PTSD group vs. both resilient groups, which merits further
exploration (currently underway).

Exploratory analyses of the resting state data are currently in progress, as well as are analyses that seek to
identify heterogenous neural phenotypes of resilience via density-based spatial clustering (Specific Aim 4), a
method with potential to illuminate other factors contributing to differential outcomes after trauma exposure.
Also in progress are exploratory analyses of the out-of-scanner behavioral data (social cognition, social
navigation, and social controllability, threat bias, and reward learning) and how specific exposures (e.g., being
exposed to human remains; being injured in the attacks or during the recovery efforts) may have a differential
impact on vulnerability to adverse psychological outcomes after trauma exposure. Finally, exploratory
analyses of the structural brain imaging data are investigating volumetric differences in the three groups and
testing putative associations between grey matter volume in key brain regions and behavior (e.g.,
hippocampus and social navigation behavior).

Conclusion

Findings from this novel neuroimaging study of resilience-linked mechanisms in WTC-exposed individuals
who vary both in trauma exposure and PTSD presence/absence suggest that, at least for two of the three
hypothesized mechanisms (emotion regulation and reward response), the most resilient individuals also show
the greatest engagement within key regions of interest. These findings contribute to our understanding of the
neural instantiation of psychological factors that enable some individuals to be highly resilient despite high
trauma exposure burden. Knowledge gained from the study of neural function in highly resilient individuals can
be harnessed to develop novel approaches to help prevent the development of trauma-related
psychopathology in more vulnerable individuals or mitigate trauma-related psychopathology.
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Additional Reports

Cumulative Inclusion Enroliment Table (see below)

Inclusion of Gender and Minority Study Subjects

For this study we recruited and enrolled WTC rescue, recovery, and clean-up workers who are members of
the WTC-HP GRC. The study sample is composed of WTC responders from both genders, and diverse
ethnicity and racial background, broadly reflecting the composition of the WTC-HP GRC.

Inclusion of Children
Children are not included in this study of WTC responders, completed over 20 years after 9/11/2001.

Materials Available for Other Investigators

Data sharing for this study will comply with local, state, and federal laws and regulations, including the
Health Insurance Portability and Accountability Act (HIPAA), as well as institutional policies and review.
Research data will be made available for sharing in accordance with the CDC/ATSDR Policy on Releasing and
Sharing Data.
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Norbury A, Brinkman H, Kowalchyk M, Monti E, Pietrzak RH, Schiller D, Feder A. Latent cause
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Psychological medicine. 2021 March 8:1-12. PubMed PMID: 33682653; DOI:
10.1017/50033291721000647.

N/A: Not NIH Funded

Non-compliant Publications Previously Reported for this Project
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Have inventions, patent applications and/or licenses resulted from the award during the reporting period? No

If yes, has this information been previously provided to the PHS or to the official responsible for patent matters at the grantee
organization? No

C.5 OTHER PRODUCTS AND RESOURCE SHARING

NOTHING TO REPORT
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RS - Reentry Supplement

DS - Diversity Supplement

OT - Other

NA - Not Applicable

D.2 PERSONNEL UPDATES
D.2.a Level of Effort

Not Applicable

D.2.b New Senior/Key Personnel

Not Applicable

D.2.c Changes in Other Support

Not Applicable

D.2.d New Other Significant Contributors

Not Applicable
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D.2.e Multi-PI (MPI) Leadership Plan

Not Applicable
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E. OVERALL IMPACT

E.1 WHAT IS THE IMPACT ON THE DEVELOPMENT OF HUMAN RESOURCES?

Not Applicable

E.2 WHAT IS THE IMPACT ON PHYSICAL, INSTITUTIONAL, OR INFORMATION RESOURCES THAT FORM INFRASTRUCTURE?

NOTHING TO REPORT

E.3 WHAT IS THE IMPACT ON TECHNOLOGY TRANSFER?

Not Applicable

E.4 WHAT DOLLAR AMOUNT OF THE AWARD'S BUDGET IS BEING SPENT IN FOREIGN COUNTRY(IES)?

NOTHING TO REPORT
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G. OVERALL SPECIAL REPORTING REQUIREMENTS SPECIAL REPORTING REQUIREMENTS

G.1 SPECIAL NOTICE OF AWARD TERMS AND FUNDING OPPORTUNITIES ANNOUNCEMENT REPORTING REQUIREMENTS

NOTHING TO REPORT

G.2 RESPONSIBLE CONDUCT OF RESEARCH

Not Applicable

G.3 MENTOR'S REPORT OR SPONSOR COMMENTS

Not Applicable

G.4 HUMAN SUBIJECTS

G.4.a Does the project involve human subjects?
Not Applicable

G.4.b Inclusion Enrollment Data

File(s) uploaded:
CumulativelnclusionEnrollmentReport.pdf

G.4.c ClinicalTrials.gov

Does this project include one or more applicable clinical trials that must be registered in ClinicalTrials.gov under FDAAA?

G.5 HUMAN SUBJECTS EDUCATION REQUIREMENT

NOT APPLICABLE

G.6 HUMAN EMBRYONIC STEM CELLS (HESCS)

Does this project involve human embryonic stem cells (only hESC lines listed as approved in the NIH Registry may be used in
NIH funded research)?

No

G.7 VERTEBRATE ANIMALS

Not Applicable

G.8 PROJECT/PERFORMANCE SITES

Not Applicable
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G.9 FOREIGN COMPONENT

No foreign component

G.10 ESTIMATED UNOBLIGATED BALANCE

Not Applicable

G.11 PROGRAM INCOME

Not Applicable

G.12 F&A COSTS

Not Applicable
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G.4.b (CumulativelnclusionEnrollmentReport.pdf)

Cumulative Inclusion Enroliment Report

This report format should NOT be used for collecting data from study participants.

Study Title: Neuroimaging of Resilience in World Trade Center Responders: A Focus on Emotional Processing, Reward, and Social Cognition

Comments:
Ethnic Categories
Racial Categories Not Hispanic or Latino Hispanic or Latino Unknown/Not Reported Ethnicity Total
Unknown/ Unknown/ Unknown/
Female Male Not Female Male Not Female Male Not
Reported Reported Reported

American Indian/
Alaska Native 0 0 0 0 0 0 0 0 0 0
Asian 0 3 0 0 0 0 0 0 0 3
Native Hawaiian or
Other Pacific 0 0 0 0 0 0 0 0 0 0
Islander
Black or African
American 2 5 0 0 0 0 0 0 0 7
White 9 59 0 0 0 0 0 0 0 68
More Than One
Race 2 1 0 1 0 0 0 0 0 4
Unknown or Not
Reported 0 0 0 4 12 0 0 0 0 16
PHS 398 / PHS 2590 (Rev. 08/12 Approved Through 8/31/2015) OMB No. 0925-0001/0002

Page __ Cumulative Inclusion Enroliment Report
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I. OVERALL OUTCOMES

I.1 What were the outcomes of the award?

This was, to our knowledge, the first fMRI study to investigate emotion regulation, reward responsivity, and social cognition as
putative resilience mechanisms underlying psychological factors widely linked to resilience to trauma, in a sample of World
Trade Center (WTC) rescue and recovery workers, some of whom also survived the 9/11/2001 attacks. This unique sample
allowed us to compare the most highly resilient WTC responders (“highly resilient” responders, with no lifetime psychiatric
disorders despite high levels of potentially traumatic WTC-related exposures) to two groups of WTC responders: resilient
responders with lower WTC-exposures (“lower WTC-exposed control” group) and symptomatic responders with lifetime WTC-
related PTSD and persistent clinically significant PTSD symptoms approximately two decades after the 9/11 attacks ("PTSD”
group).

Significant and key findings include the following:

1. Highly resilient WTC responders reacted to incongruent emotional stimuli by engaging the rostral anterior cingulate cortex
(rACC), whereas symptomatic responders (PTSD group) did not appear to engage the rACC. Lower WTC-exposed control
responders showed lesser emotional conflict-related rACC activation than the highly resilient group, but more than the PTSD
group. This finding suggests that emotion regulation capacity in highly resilient individuals is supported by greater recruitment
of key brain regions involved in conflict resolution and automatic emotion regulation, such as the rACC (Specific Aim 1).

2. Highly resilient WTC responders showed the greatest degree of anticipatory deactivation of the ventral striatum, a key
reward region, when presented with a cue indicating a potential monetary loss (vs. neutral or gain cues), compared to both
the PTSD and lower WTC-exposed groups. Number of WTC-related exposures appeared to modulate ventral striatum
activation in responders with no lifetime psychiatric disorders, such that the lower WTC-exposed group showed a smaller
decrease in ventral striatum activation than the highly resilient group in response to loss cues. The PTSD group did not
demonstrate differential ventral striatum deactivation during anticipation of potential reward, loss, or neutral outcomes
(Specific Aim 2). Analysis of consummatory loss- and reward-related activation in reward-related regions of interest (ROIs) is
currently in progress.

3. In our preliminary region of interest (ROI) analysis of a social cognition task, we did not identify any significant group
differences in recruitment of multiple key brain regions involved in social processes or in task performance. However,
exploratory whole-brain analysis pointed to a social cognition-related region that was not one of our ROIs — the posterior
superior temporal sulcus —, with stronger activation in both resilient groups compared with the PTSD group during the task
condition that required Theory of Mind decisions (Specific Aim 3).

4. Density-based spatial clustering analysis is ongoing, with the aim of identifying resilience subgroups based on
heterogeneous patterns of neural activity across the three fMRI tasks (Specific Aim 4). This could provide insight into
individual differences in resilience and adaptation after trauma exposure.

5. Exploratory analyses are ongoing, including analysis of the structural and resting state neuroimaging data and behavioral
data from ancillary out-of-scanner tasks measuring social, affective, and reward processes. We are also examining the
differential impact that specific exposures (e.g., encountering human remains; being injured in the attacks or during the WTC
recovery effort) may have on vulnerability to adverse psychological outcomes in WTC responders.

Please see "Accomplishments" for a list of published abstracts, a published review paper on neuroimaging of resilience, and
conference presentations related to this award.
Manuscripts reporting the main findings from this study are currently in preparation.
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