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Abstract

Background

Understanding the neurobiological mechanisms tretipt PTSD in recent trauma survivors is important
for early interventions. Impaired inhibition of fear behavioral responses is thought to be cetdral
PTSD symptomatology, but its role in predicting BTiS unknown. Here we examine whether brain
function during response inhibition early afterdli@an trauma can predict future PTSD symptoms.

M ethods

Participants (original sample, N=27; replicatiormgde, N=31) were recruited in the Emergency
Department (ED) within 24h of trauma exposure. PEgBiptoms were assessed in the ED and 1, 3 and
6-months post-trauma. A Go/NoGo procedure in a 31 Btanner was used to measure neural correlates
of response inhibition 1-2 months post-trauma. tiflaget regression was used to define the mostnapti
model to predict PTSD symptoms at 3-and 6-monthsngndemographic, clinical and imaging measures.

Results

Less hippocampal activation was a significant mtediin the model predicting PTSD symptoms at 3-
months (k1.2274.33, p=0.01) and 6-months (§147=4.96, p=0.01). Other significant predictors in the
model were race and pain level in the ED (3-montae)l race and baseline depression symptoms (6-
months). Using these predictors in a linear regwasen the replication sample again resulted in
significant models (f23=3.03, p=0.05; Fs.0=5.74, p=0.007) with hippocampal activation predicting
PTSD symptoms at 3-and 6-months.

Conclusions

Decreased inhibition-related hippocampal activattmon after trauma prospectively predicted greater
future PTSD symptom severity. This finding may cimite to early identification of at-risk individlsa
and reveals potential targets for interventionyongtom prevention in the aftermath of trauma.
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Introduction
Up to 90% of the general population in the Unitéaté&s is exposed to a traumatic event at some joint
their life (1). Traumatic events can include comisgiosure, natural disasters or terrorist atteahg,life
threatening accidents or assaults, many of whistlrén a need for emergency hospitalization. AtBut
10% of trauma-exposed individuals develop posttitimstress disorder (PTSD) (2), therefore, one of
the main goals of trauma research is to undersidnydsome develop PTSD whereas others do not.
Prospective studies are critical for improving anderstanding of the neurobiological mechanismis tha

are associated with the development of PTSD imteasurvivors.

A specific and key impairment in PTSD is the itiépto suppress a fear response in a safe
environment (3). Although learning to associateatral cue with true danger is beneficial for suayi
the ability to regulate behavioral and emotionapanses in a safe environment is critical for ongoi
health and wellbeing (4). The core symptoms of PTi&ilude excessive fear responses to trauma
reminders, intrusive thoughts, and re-experienoirttye traumatic event despite being in another
environment (4). Impaired fear inhibition has beemonstrated in both psychophysiological (5) and
imaging studies of PTSD (6, 7). Individuals with$tT show reduced vmPFC (7) and hippocampal
recruitment during fear inhibition (6, 8), and teeseas are activated together during extinctioallr¢9).
The vmPFC regulates or inhibits the fear respoh8eX1), whereas the hippocampus provides contextua
information required for regulation of responseg, (12, 13). Importantly, previous studies demonstra
that PTSD patients also showed reduced inhibitldn1(6) and impaired processing of contextual cues
(16, 17) during non-emotional response inhibitiangaligms, indicating a more general inhibition and
context processing deficit in PTSD. When usingnapde Go/NoGo task with a red rectangle in the
background as NoGo cue, brain regions associatiedmpaired fear inhibition and context processimg
PTSD are hypoactive during response inhibitiorone study PTSD participants showed less vmPFC
activation than trauma controls (15), and in a grofihighly traumatized women decreased hippocampal

activation correlated with more PTSD symptoms &3 krait resilience (18). Moreover, hippocampal
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activation mediated the relationship between clitghtrauma and PTSD symptoms versus resilience
(18). Another study showed that inhibition of thare response during early extinction was cotegla
with increased functional coupling of the hippocampand vmPFC during NoGo relative to Go trials, as
well as structural connectivity of white matterdisaconnecting the hippocampus and the vmPFC (19).
The hippocampus is important for modulation of hétrabased on new sensory information or
contextual cues (20) , and previous findings sugthes increased hippocampal recruitment may be an

important mechanism for coping with traumatic stris3).

Previous studies have demonstrated that impaifeblition in PTSD is not limited to fear
regulation, and may therefore represent a morergkedeficit in PTSD (16, 21). Furthermore, impaired
inhibition-related brain functioning in PTSD, pattlarly in the right inferior frontal gyrus (rIFGJlid not
improve with successful treatment (17). It was éf@e suggested that impaired inhibition-relateadrbr
functioning may be a vulnerability factor for PTSThis underscores the relevance of investigating
neural correlates of response inhibition as pattbtomarkers for PTSD development in the first then
after trauma exposure. In a prospective fMRI stymlgfrontal responses to threat stimuli were not
predictive of later PTSD symptoms (24), howevergrplicit response inhibition task was used. Anothe
prospective study showed that decreased hippocaampaation during active down-regulation of
negative emotional stimuli was related to incred®€8D symptoms (25). In the current study we aimed
to probe brain regions associated with PTSD, ardipasly shown to be impaired in PTSD with this
response inhibition task, i.e., the hippocampuswamBFC. Furthermore, we included the rIFG as region
of interest (ROI) as it has often been implicatedeisponse inhibition (26), and whose function lieen

associated with PTSD (17).

The current prospective, longitudinal fMRI studgmgted participants who were brought to a
large level-l Emergency Department (ED) traumaaewithin 24h of experiencing a traumatic event.
Functional MRI scans using a Go/NoGo response iitidiibtask were collected prior to PTSD diagnosis,

1-2 months post-trauma. Clinical data were coligatethe ED at enrollment and 1, 3, and 6-months
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following trauma exposure. The data were useduestigate the hypothesis that response inhibition-
related brain activation after trauma exposureipteduture PTSD symptoms. More specifically, we

hypothesized that greater hippocampal, vmPFC &@ dctivation would predict fewer PTSD symptoms

at 3-and 6-months post-trauma.
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M ethods and M aterials

Participants

Participants were recruited as part of a largegeadive study conducted in the ED at Grady Memorial
Hospital, the largest Level | Trauma center in @an(USA). Participants were eligible for the stufly
they suffered a DSM-IV-TR criterion-A trauma (2@A)the past 24h. Exclusion criteria were a histdry o
mania, schizophrenia, other psychosis, currentdali@eation, suicide attempt in the last 3-months
current intoxication, or experienced loss of coogshess (>5 minutes) as a result of the trauma.
Participants were excluded if they showed any immpant on the Glasgow Coma Scale (28) in order to
exclude for traumatic brain injury (TBI). Duringdin 1-month visit, MRI eligible participants were
invited for a scan, which took place within 2 tav8eks of the 1-month visit, on average 54 days (BD=
range: 26-93) after trauma exposure. Due to mowranother scan facility and updating scan parammete
in midst of recruitment, the study resulted in t®@&mples that were analyzed separately: an original
sample (N=38), and a replication sample (N=39)eAfomplete written and verbal description of the
study, all participants provided written informezhsent. The Institutional Review Board of Emory
University, Georgia Institute of Technology, and Research Oversight Committee of Grady Memorial

Hospital approved the study procedures.

Clinical assessment

Baseline assessment in the ED included the Starddrirauma Interview (STI), a 41-item interview on
demographics, characteristics of the trauma, pateed severity, and social support (29). The
Posttraumatic Stress Diagnostic Scale (PDS), aet®-$elf-report measure, was used to measurenideti
trauma history and current PTSD symptoms relatédatoma occurring before the current index event
(30). Current depression symptoms were assessegl tha 21-item self-report Beck Depression
Inventory (BDI) (31). Trauma exposure during chddd was assessed using the Childhood Trauma

Questionnaire (CTQ) (32), a 25-item questionnairé¢rauma experienced before age 18. Follow-up
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assessments of PTSD symptoms were performed aahd3®-months post-trauma using the Modified
PTSD Symptom Scale (PSS) (33). The number of sympts measured with the PSS was used as the

outcome variable in the analyses.

Functional MRI

Response Inhibition Task

A Go/NoGo task was used to measure response iiom§24). Participants were asked to respond to the
Go-trials (white X or O on black screen), but tahkiold their response to the NoGo-trials (red negia

in the background of the X or O). All participamésponded correctly to at least 75% of the Go and
NoGo trials, and most participants had an accusaoye of 100% (Table 1). Only correct Go and NoGo
trials were included in the analyses, and corredBdl> correct Go was used as the contrast of sitare

all analyses. The task is described in more det&igure 1.

Brain Imaging Acquisition and Analyses

MRI scans for the 2 samples were collected atmiffescanners, using dissimilar scanner paraméters,
both were Siemens 3.0-Tesla Magnetom Trio TIM whmdy MR scanners (Siemens, Malvern, PA)
using a 12-channel head coil. Functional data wesprocessed and analyzed with SPM8
(http://wwwfil.ion.ucl.ac.uk/spm). Further informan on data acquisition and analyses is desciited

the Supplement.

Group Analyses

The fMRI analyses were performed for the hippocasnpmPFC and rIFG as ROls. Functional,
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anatomically-constrained ROlgere created for each sample individually (35, 6. used a p<0.05
threshold within the anatomically-defined (AAL aailateral hippocampus, vmPFC and rIFG to

identify task-responsive voxels within this largeatomical ROI. Mean contrast estimates for the

NoGo>Go contrast were extracted from the resultiags using SPM8, and were exported to IBM
SPSS24.0. Missing data (only for CTQ and pain Jewels imputed using mode.

First, correlation analyses were performed to stigate the relationship between hippocampal,
vmPFC and rIFG contrast estimates and PTSD sympabiBiand 6-months. Second, elastic net
regression was used to define the most optimal hiogeedict PTSD symptoms in the original sample.
Group analyses were conducted using elastic natazation procedures with SPSS default settings
(37). For the predictors in the model, elasticnregression minimizes overfitting by penalizing dméént
estimates, thereby reducing the variance of estisnsd that they are more stable and more gendnaliza
to the larger population. Elastic net is particiylavell suited to models wherein the predictors fighly
correlated (38). PTSD symptoms at 3-and 6-monthe weed as continuous outcome measures in two
different models. In addition to hippocampal, vmP#CIFG activation, models incorporated
simultaneous estimation of numerous additional ipteds that may influence the development of PTSD
including demographics (age, gender, race, edugatiaseline symptoms (PTSD and depression), and
childhood trauma (CTQ), patient-and clinician-rasegterity, type of trauma, pain level in the EDysla
between enrollment and scan, treatment, and sagiglort (Table 1). The expected prediction error fo
each model was estimated with the .632 bootstrap (i3 accordance with the one-standard-error rule,
the most parsimonious model within 1SE of the medti minimum expected prediction error was
selected. Next, significant predictors resultingnirthis analysis were used in a linear regressiodefto
predict PTSD symptoms at 3-and 6-months in théa&jibn sample. Finally, correlation analyses and
elastic net regression were performed to assessgldteonship between PTSD symptoms at 1-month and

hippocampal, vmPFC or rIFG activation.
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Task-based whole brain activation for each glisypesented in Supplemental Table S1.
Additionally, to investigate the correlation betwd@TSD symptoms at 3-and 6-months and response
inhibition-related activation outside the ROIls, pexformed whole brain multiple regression analyses
using PSS as a covariate. The resulting maps wsted for significance at a cluster-defining thoddiof
p<0.001 (as recommended by (40)), and a p<0.03yamise error (FWE)-corrected critical cluster size
of k=41 was determined using SPM8 and a scripti@osTh.m;

www2 .warwick.ac.uk/fac/sci/statistics/staff/academgsearch/nichols/scripts/spm).



van Rooij et al. p.1C

Results
Participants

Demographic and clinical information is presentedable 1.

Original Sample

Thirty-eight participants were scanned, but aft@lding for head motion (>1mm/TR, N=5), falx
calcification (N=3), technical issues during dadlection (N=3), 27 participants (13 females) were
included in the analyses. Twenty-three participagtisrned for their 3-month follow-up assessmegts],
20 for their 6-month follow-up. At 6 months, 25%p&rticipants met criteria for PTSD. Seven
participants sought treatment from a psychologisgchiatrist or mental health counselor betweein the

index trauma and the 6-month follow-up. Use oftirent services was included in the statistical rhode

Replication Sample

Thirty-nine participants were scanned, of which(B1 females) were included in the analyses.
Participants were excluded for head motion (N=&lx €alcification (N=1), technical issues (N=2), no
behavioral response (N=1). At 3-months, 24 pardicip returned for their follow-up assessments,2dnd
for their 6-month assessments. At 6-months, 19%cnitetia for PTSD, and four participants sought

treatment during the course of the study.

Functional MRI results

Original Sample

The functional hippocampal ROIs are presentedguii€i 2a. The correlation analyses with PTSD

symptoms at 3-and 6-months are shown in Figur&ebponse inhibition-related hippocampal activation
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correlated significantly with PTSD symptormis3-monthsi=-0.56,p=0.006) and 6-months%-0.66,

p=0.002)". No significant correlations with the vmPFC or@Rvere observed.

Lasso regression with elastic net was used tmédfie most optimal model to predict PTSD
symptoms at 3-and 6-months using demographiccelimind imaging measures. Table 2 displays the
regression coefficients separately for all varialeluded in the most parsimonious models prewdicti
PTSD symptoms at (a) 3-months and (b) 6-monthsthHeoselected model predicting PTSD symptoms at
3-months, the apparent proportion of explainedavere was 0.81 (f 2,=4.33,p=0.01). Hippocampal
activation, race, and pain level in the ED weraificant predictors, with less hippocampal actigati
black/mixed race, and more pain in the ED predictitore PTSD symptoms at 3-months. At 6-months,
the apparent proportion of explained variancelierdelected model was 0.82(f=4.96,p=0.01). Less
hippocampal activation, black/mixed race, and nut@eression symptoms in the ED predicted more

PTSD symptoms at 6-months.
Replication Sample

Response inhibition-related hippocampal activaiiotihe replication sample also significantly coateld
with PTSD symptoms at 3-months=¢0.49,p=0.02) and 6-months£-0.45,p=0.04; Figure 2) No

significant correlations with the vmPFC or rIFG webserved.

Including all significant predictors defined iretbriginal sample (Table 2) resulted in a
significant model to predict PTSD symptoms at 3-ther{Rs 23=3.03,p=0.05, R=0.31,
R%adjusted0.21) and 6-months (0=5.74,p=0.007, R=0.50, Radjusted0.42), with the hippocampus

significantly predicting PTSD symptoms at 3-and éntis.

1 There are different approaches to define the higppus, and we therefore re-analyzed the data tising
Hammers atlas as recommended by (57). Again, &isamt correlation was demonstrated between hidte
hippocampal activation and PTSD symptoms in thgial sample at 3-months=-0.482,p=0.020) and 6-months
(r=-0.575,p=0.008), and in the replication sample at 3-mofiths0.458,p=0.024) and 6-months%-0.442,
p=0.045).
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PSS prior to scan

A significant correlation between PTSD symptom&-atonth and hippocampal activation was observed
in the original sampler€-0.41,p=0.04), but not in the replication sampte{0.11,p=0.54). Using elastic
net regression in the original sample revealedhimdocampal activation was not associated with 8SS
1-month, moreover, the overall model was not sigaift. No correlations were observed with the

vmPFC or rIFG.

Whole Brain Analyses

Figure 3 displays the results from the whole beaialyses (p<0.001, and a p<0.05 FWE-correctedezlust
threshold of k=41) showing the negative correlatietween PSS at 6-months and the mid cingulate
cortex in the original sample, and the positivereation between PSS at 6-months and the right lmidd

frontal gyrus in the replication sample.
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Discussion

The current prospective, longitudinal fMRI studynad to identify neurobiological predictors for the
development of PTSD by recruiting participantshia Emergency Department after a criterion-A trauma,
scanning them 1-2 months later and assessing Pyi8ptems at 3-and 6-months post-trauma. We are
the first to show that less anterior hippocampélation predicted greater PTSD symptoms at 3-and 6
months post-trauma. Black/mixed race and more ipdime ED predicted more PTSD symptoms at 3-
months, and black/mixed race and more baselineedsign symptoms predicted more symptoms at 6-
months. An out-of-sample test of these predictors ieplication sample showed again that reduced
hippocampal activation significantly predicted PTSPnptoms at 3-and 6-months. These data show that
increased response inhibition-related activatiothanhippocampus predicts decreased risk for dpwajo
PTSD symptoms after trauma exposure. The implioataf the study are that hippocampal function

could serve as a target for early interventionanitnatized individuals.

The hippocampus is a particularly plastic and wdhke region of the brain (41). Smaller
hippocampal volume has been repeatedly associatiedi@velopment (42) and persistence (43) of
PTSD. This is the first study showing a role fgggocampal activation in the development of PTSD.
Although the hippocampus is not typically linked&sponse inhibition and its role has mainly been
demonstrated during contextual fear inhibitionq69), we have previously demonstrated a relatipnsh
between hippocampal activation during responséitibin and PTSD symptoms (18, 19). Hippocampal
functioning in Go/NoGo tasks has also been dematestiin other studies: less hippocampal activation
was shown in heavy drinkers compared to light driel{44), in violent adolescents (45), and in chima
using ADHD patients (46) relative to controls. Sarly, hippocampal activation during Go/NoGo was
found to increase post-treatment in adolescents bbyitolar disorder (47). Taken together, theseiligsl
suggest that lower levels of hippocampal involveniemesponse inhibition may contribute to

transdiagnostic risk for psychiatric dysfunctioarticularly for disorders with an impulsive motiiatal
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component. Additional basic research is neededdardo better define the specific cognitive fuang

performed by the hippocampus during response itibi

The hippocampus plays a key role in many aspdatsgnition that are relevant to PTSD risk.
The hippocampus is essential for the formationratrieval of new memories, especially episodic
memories consisting of autobiographical eventsamdextual information (48, 49). Impaired episodic
memory of traumatic events is thought to contritiotthe development of PTSD (50), and is related to
hippocampal structure (51, 52) and function (58)ttermore, the hippocampus plays a crucial role in
contextual modulation of behavior by comparing rs@msory inputs to existing representations (20).
While we did not directly manipulate contextual suere likely tapped into the role of the hippocaspu
in processing information related to the NoGo $ri@le., presence of a red background). As eviftent
animal research, the hippocampus is involved irasion setting, where a contextual cue modulates
discrimination between different stimuli (54, 5Bplland and colleagues suggested that hippocampal
lesions hinder inhibitory learning about contextaiatl explicit cues (56), whereas dorsal hippocampal
lesions in another study specifically impactedphmcessing of contextual cues (57). These studies

emphasize the importance of the hippocampus iregbptocessing and stimulus discrimination.

A recent perspective paper suggests that dysrégulatthin the context processing circuitry,
consisting of the hippocampus and vmPFC, is a fiatgnkey deficit in PTSD (21), and our findings
support this growing literature. Another potentischanism by which the hippocampus may participate
in response inhibition is pattern separation, ite,conversion of comparable experiences or evetaus
separate, non-overlapping representations (20%. fippocampus-dependent mechanism is fundamental
to successful context processing, and impairmextliein the inability to discriminate two similget
different situations. Several studies have demateirthat PTSD patients show impaired memory for
specific patterns (58), poor processing of spatiak (59), and impaired safety discrimination {3)e
hippocampus is critical for the regulation of imgivity. Hippocampal lesions in rats resulted in

impulsive choice, reflected in a preference foirmamediate small reward over a delayed, larger rdwar
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(60). Impulsive choice may explain reduced inhdsitrelated hippocampal activation seen in heavy
drinkers (44), violent adolescents (45), and ADHilignts (46). Impulsivity has also been associated
with the development of PTSD in both military (&)d civilian populations (62). There is clear evicke
for the role of the hippocampus in PTSD risk, sstigg that better episodic memory and the abitity t
use and integrate contextual information may halmdividual successfully regulate behavioral and
emotional responses. Many previous studies hakedihippocampal structure to PTSD (e.g. (42, 43,
52)), and some have shown altered hippocampaladictiv(8, 18, 63). This is, however, the first sttol
examine hippocampus function prospectively in thyeaftermath of trauma and show its critical rivie

the development of PTSD symptoms.

VmPFC functioning during the Go/NoGo task has sty been shown to be impaired in
PTSD (15); however, here we did not show its ineatent in predicting the development of PTSD. As
demonstrated by Stevens and colleagues (64), vnaeti@tion in PTSD may be specifically related to
childhood trauma exposure. Also, the rIFG was alatted to current or future PTSD symptoms. An
explanation for this may be that in previous stadi6, 17) the rIFG was associated with PTSD during
proactive inhibition, i.e., the anticipation of @ signal, whereas the simpler task we used hdread
include an anticipation component. Alternativehg tifferences in study sample, type of trauma and

duration of symptoms may explain the absence @ fiRdings in this study.

In the whole brain analyses, we observed a pesitirrelation with the right middle frontal
gyrus, and a negative correlation between PTSD symgpand inhibition-related activation in the mild|
cingulate cortex. The right middle frontal gyrusadivated during Go/NoGo tasks, particularly dgrin
more complex stimulus identification (65). The madingulate cortex is typically activated during
motor tasks and is highly connected with the preeégyrus (66), a motor area involved in the plagn
and execution of movements. Previous studies hbsereed a relationship between inhibition-related
motor and frontal activation in PTSD patients (¥);Jand here we show that reduced activation iromot

control regions is also related to the developréRTSD. Furthermore, our results support the
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hypothesis from a pre/post-treatment study thatvedaeduced inhibition despite clinical improvement
and therefore postulated that it may representreevability factor for development of PTSD (17).
However, the observed whole brain correlations wetehe same across groups, and should there¢ore b

interpreted with caution.

An important strength of this study is the in@tusof a replication sample. The hippocampus
finding was replicated, even though MRI scans efdbcond sample were collected at a different sgann
site, using different scan parameters, and detptéact that the range of PTSD symptoms was snialle
the replication sample (6-months: 0-23) than indhiginal dataset (0-43). This demonstrates that th
correlation was not dependent on more severe PBSBsdn the original sample. Hippocampal activation
also predicted the development of mild PTSD symgtamderscoring the robustness of inhibition-

related hippocampal activation as a predictor,taeotential generalizability of this finding.

One of the limitations of this study is the sangile of each individual sample. There was a
relatively high number of dropouts due to head omtfalx calcification and technical issues duritaga
collection. However, as the numbers were comparfablihe two samples and the final groups did not
differ on demographic or clinical measures, weéwithat the impact of this dropout on the resslts
negligible. A bigger sample is needed to approglygiower exploratory voxel-wise analyses of the
whole brain. The majority of our population cons@sbf survivors of severe accidents; therefore,
replication in military samples or individuals witingh levels of interpersonal trauma is of interest
However, type of trauma did not influence PTSD oate in our analyses. Another limitation of the
current study is the timing of the MRI scan. Tharswas collected on average 54 days after trauma,
rather than immediately post-trauma. It is liketgattsome individuals have developed PTSD symptdams a
this time, and PTSD severity may therefore core¥eth hippocampal activation. Indeed, we obseived
correlation between hippocampal activation and P§@Dptoms at 1-month in the original sample;
however, this correlation was less strong tharctheelations with PTSD symptoms at 3-and 6-months.

Furthermore, this correlation was not observedénreplication sample, and was not associated with
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PTSD symptoms at 1-month in the elastic net regmes$here are logistical and medical barriers to
conducting scans immediately after trauma, esggdfdhere was any injury to head or body. On the
other hand, the current approach has the benafamfiring any trauma-related neural changes, i.e.,
direct mechanical action, systemic effects, or aeognitive influences. Future studies collectintada
prior to trauma exposure are of high interest temeine pre-trauma vulnerability factors (67). Hoee
scanning prior to trauma exposure, particularlg wivilian sample, is challenging and requires iy ve
large sample. Finally, a more complex task with ipalation of contextual cues could possibly provide
more insight in underlying processes, and moreaway, show a relationship with hippocampal
functioning or PTSD symptoms. This is of high ietgras it is not always feasible to scan recently

traumatized individuals to assess risk for PTSD.

In conclusion, we showed that decreased hippockactimation during response inhibition in the
first months post-trauma significantly predictsiacreased risk for the development of PTSD.
Conversely, increased recruitment of the hippocampay help an individual to successfully regulate
behavioral and emotional responses, beneficiaddping with a traumatic experience. This findingyma
contribute to an early identification of traumasuors at-risk for PTSD. Furthermore, the identfion
of specific mechanisms that affect risk for PTShhe period after trauma exposure generates
opportunities for the development of more speddigets for intervention and treatment, such as
psychotherapy or pharmacological interventions minto increase hippocampal activation. Because of
its inherent neural plasticity, the hippocampus mespond well to these interventions. Future stidie

targeting hippocampal-dependent functioning initm@ediate aftermath of trauma are of high interest.
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Tables

Table 1 Participant demographic and clinical data

Original sample Replication
sample
N=27 N=31 Statigtic®  p-value
Age, mean (SD) 31.5(10.3) 36.9(125) t=-1.79 0.08

Gender (% female) 13/27 (48%) 11/31 (35%) »*=0.95  0.33

Race (%) ¥=363 031
Black 17/27 (63%) 26/31 (84%)
White 6/27 (22%) 3/31 (10%)
Mixed 3/27 (11%) 1/31 (3%)
Other 1/27 (4%) 1/31 (3%)

Education level (%)
Master's degree
Bachelor's degree
Associate's, some college
High school degree
Some high school

Type of trauma (%)

¥=3.26  0.52
1/27 (4%)
2127 (7%)
15/27 (56%)
7127 (26%)
2127 (%)

2/31 (6%)

4/31 (13%)

10/31 (32%)
12/31 (39%)

3/31 (10%)

¥=556  0.59

Non-sexual assault 1/27 (4%)
19/27 (70%)
0/27 (0%)
3/27 (11%)

1/31 (3%)
19/31 (61%)
1/31 (3%)
4/31 (13%)

Motor vehicle collision
Motor cycle collision
Pedestrian vs. auto
Gunshot wound

Industrial/lhome accident
Bicycle accident
Sexual assault

0/27 (0%)
0/27 (0%)
2127 (7%)
2127 (7%)

1/31 (3%)
3/31 (10%)
1/31 (3%)
1/31 (3%)

Pain after trauma (0-10), mean (SD) 5.12 (2.8) 6200) t=-1.23 0.23
Patient-rated trauma severity (0-5), mean (SD) (8.3 4.2 (0.9) t=-1.53 0.13
Clinician-rated trauma severity (0-5), mean (SD) 5 @.8) 2.6 (0.7) t=-0.85 0.40
Social support, mean (SD) 2.8 (0.6) 2.7 (0.6) t= 0.46 0.65
Childhood trauma (CT@mean (SD) 37.8 (12.7) 37.0(14.3) t= 0.20 0.84
Received treatment (%) 7127 (26%) 4/31 (13%) »*=1.59 0.21
Days between trauma and scan, mean (SD) 54.0 (14.3) 53.9 (13.8) t=0.04 0.97
(Dseg)ression symptoms (BDIin the ED, mean 8.6 (9.3) 11.6 (11.6) t=-107 0.9
PTSD symptoms (PD%)n the ED, mean (SD) 4.6 (7.7) 7.3 (7.4) t=-1.29 0.20
Meet DSM-IV criteria (%) 2127 (7%) 3/31 (10%)
PTSD symptoms (PS8t 1-month, mean (SD) 16.9 (12.8) 15.0(11.0) t= 0.61 0.55
Meet DSM-IV criteria (%) 11/27 (41%) 11/31 (35%)
PTSD symptoms (PS%t 3-months, mean (SD) 12.7 (11.8) 9.1(85) t= 1.18 0.24

Meet DSM-IV criteria (%)

6/23 (26%)

6/24 (25%)
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PTSD symptoms (PS%®t 6-months (mean, SD) 10.0 (12.2) 85(8.3) t=0.46 0.65
Meet DSM-IV criteria (%) 5/20 (25%) 4/21 (19%)

Percentage correct Go trials (mean, SD)) 97.4% (4.8 98.2% (4.2) t= 0.49 0.50
Percentage correct NoGo trials (mean, SD) 97.4%9) (4. 99.4% (1.4) t=-2.06 0.05

Statistical tests were performed to compare then2pdes; Independent samples t-tests were condtactammpare
means, ang? tests were performed to compare proportions.

®CTQ, Childhood Trauma Questionnaire; (32)

°BDI, Beck Depression Inventory; (31)

9ppS, Posttraumatic Stress Diagnostic Scale; (30)

°PSS, Modified PTSD Symptom Scale.(33)
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Table 2 Regression coefficientsfor predicting PTSD symptoms

Original sample: selected models using lasso regression with elastic net
PTSD symptoms at 3-months

Beta SE df F p-value

Hippocampal activation -0.26 0.10 1 6.18 0.03*
Race 0.23 0.12 3 3.78  0.04*
Pain level in ED 0.32 0.11 4 8.44  0.002*
Depression symptoms in ED (BDI) 0.18 0.08 1 457 0.06
PTSD symptoms in ED (PDS) 0.10 0.14 1 0.51 049
Treatment 0.11 0.09 1 1.33 0.27

PTSD symptoms at 6-months

Beta SE df F p-value

Hippocampal activation -0.36 0.10 1 13.19 0.005*
Race 0.25 0.13 3 3.80 0.05*
Pain level in the ED 0.13 0.13 2 1.01 0.40
Depression symptoms in ED (BDI) 0.31 0.11 1 751 0.02*
PTSD symptoms in ED (PDS) 0.13 0.15 1 075 041
Days between enrollment and scan -0.01 0.07 1 0.00.94

Replication sample: using the selected significant predictors
PTSD symptoms at 3-months

Beta SE t p-value
Hippocampal activation -0.52 3.25 -2.71 0.01*
Race -0.25 1.03 -1.32 0.20
Pain level in ED -0.09 0.83 -0.44 0.66
PTSD symptoms at 6-months

Beta SE t p-value
Hippocampal activation -0.42 2.98 -2.47  0.02*
Race -0.24 0.89 -1.33  0.20
Depression symptoms in ED (BDI) 0.44 0.12 250 0.02*

(a, b) Lasso regression with elastic net was pevéarin the original sample.

Regression coefficients for all variables includethe most optimal models to predict

PTSD symptoms at 3-and 6-months are presented.

(c, d) Significant factors (indicated by *) werecinded in linear regression models to predict PE$Dptoms at 3-
and 6-months in the replication sample.

BDI, Beck Depression Inventofy;

PDS, Posttraumatic Stress Diagnostic Stale.
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Figure Legends

Figure 1. Go/NoGo task

Response inhibition was measured using the Go/Na8othat followed previous work by Leibenluft et
al. (2007). On Go trials, a white X or O appearagdlack background for 1000ms. Participants were
instructed to respond as fast as possible to thigi@ by pressing a 1 for X and 2 for O. Howe\arg
third of the trials was a NoGo trial (indicated &yed rectangle behind X or O), and participantewe
instructed to withhold their response. The stimauent was followed by a jittered inter-trial intat
ranging from 1250 to 2500ms, and a 500ms whitdifirecross. The task consisted of 4 runs separated
by three 30s rest periods. Each run comprised 26 tiGls, 13 "NoGo" trials, and 14 blank trials
distributed randomly. Response inhibition was mesbiby subtracting correct Go trials from correct

NoGo trials.

Figure 2. Hippocampal activation predicts PTSD symptoms

Figure 2a displays the activated voxels for the BeGo inhibition contrast within the Automated
Anatomical Labeling (AAL) atlas-defined bilaterapbpocampus. The activated voxels for the original
sample (N=27, k=16; in red) and the replication gl@niN=31, k=45; in blue) were extracted for
functional regions of interest (ROIs) analysesuFég2b shows the correlation between the contrast
estimate in this functional hippocampal ROI (x-gdad PTSD symptom score (y-axis) measured with
the Modified PTSD Symptom Scale (PSS).(33) Hippgealnactivation significantly correlated with
PTSD symptoms at 3-months (original sampt).006; replication sample=0.02) and 6-months

(original samplep=0.002; replication sample=0.04).
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Figure 3. Whole brain correlationswith PTSD symptoms

Whole brain analyses (p<0.001, and FWE-correctastet threshold of k=41) for the correlation betwee

response inhibition-related activation and PTSDstygms are displayed for the original sample (left)

replication sample (right).
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The Role of the Hippocampus in Predicting Future Posttraumatic Stress
Disorder Symptoms in Recently Traumatized Civilians

Supplemental Information

Supplemental Methods

Brain Imaging Acquisition and Analyses
MRI scans for the 2 samples were collected at different scanners, using dissimilar scanner
parameters, but both were Siemens 3.0-Tesla Magnetom Trio TIM whole-body MR scanners
(Siemens, Malvern, PA) using a 12-channel head coil. For the original sample, functional images
were acquired using the Z-SAGA pulse sequence (1) to minimize signal loss due to susceptibility
artifacts. Volumes contained 26 axial slices acquired parallel to the anterior-posterior
commissure line with TR=2530ms, TE1=30ms, TE2=66.4ms, flip angle=90°, voxel
size=3.75x3.75x4mmq. Structural images were acquired using a gradient-echo, T1-weighted
pulse sequence (176 slices, TR=2600ms, TE=3.02ms, voxel size=1x1x1mm?3). For the replication
sample, functional images were acquired using 2D echo-planar imaging (ep2d_bold). Volumes
contained 44 slices (slice thickness=2.5mm, slice gap=0.5mm) acquired in a descending
sequential slice order parallel to the anterior-posterior commissure line with TR=2360ms,
TE=30ms, flip angle=70°, voxel size=3x3x2.5mm?>. A multi-echo T1-weighted image (2) (176
slices, TR=2530ms, TE1=1.74ms, TE2=3.6ms, TE3=5.46ms, TE4=7.32ms,voxel size
1x1x1mm?®) was used for within-subject registration.

Functional data were preprocessed and analyzed with SPM8
(http://www. fil.ion.ucl.ac.uk/spm). Preprocessing included slice time correction, motion

correction, realignment to the first volume in the series, co-registration of the structural image to
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the mean of the realigned functional images, segmentation and normalization of the structural
image to MNI space and subsequent normalization of the realigned functional images. The
SPM8 simultaneous segmentation/normalization procedure uses iterative non-linear matching to
a set of tissue probability map templates (3). Initial data quality checks were performed using
ArtRepair software (http://cibsr.stanford.edu/tools/human-brain-project/artrepair-software.html),
to identify and repair bad slices and volume artifacts. For bad slice detection and repair, the
default values for the art_slice routine of ArtRepair were used. The threshold for slice repair was
always the default of 18. Bad slices were detected when the amount of data scattered outside the
head was at least 18 above the usual amount for the slice. The usual amount is determined as the
average of the best two of the first three volumes and differs for each slice. To repair bad slices,
we derived new values for the bad slice using interpolation of the same slice from adjacent
volumes. If the same slice was bad in multiple volumes, we used spatial interpolation with
neighboring slices instead of pure temporal interpolation.

No more than 0.5% of slices were repaired per participant (group averages: original
sample 0.001%, replication sample 0.02%). Volumes affected by motion were repaired using
linear interpolation. Participants with head motion > 1mm/TR or more than 5% of volumes
replaced were excluded from further analyses (group averages: original sample 0.53 mm/TR,
2.1% replaced volumes; replication sample 0.62 mm/TR, 1.8% replaced volumes). Bad volumes
were interpolated, a maximum of 5% per participant. Functional images were smoothed with a
Gaussian kernel (8mm original sample, 6mm replication sample). For each participant, event-
related responses were modeled for correct and incorrect trials in the NoGo and Go conditions

and convolved with a canonical hemodynamic response function. Inhibition was defined as the
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linear contrast of correct NoGo > correct Go trials. To correct for head motion, the 6 participant-

specific realignment parameters were included as regressors of no interest.
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Supplemental Table S1. Whole brain NoGo>Go analyses

Supplement

MNI Coordinates

Region HEM X y z Z k
Original Sample no PTSD (N=16)
Middle Occipital Gyrus L -30 -84 22 4.73 251
Superior Occipital Gyrus R 18 -92 18
Middle Occipital Gyrus R 34 -76 22
Calcarine Gyrus L -6 -96 2 4.08 50
Lingual Gyrus R 54 -68 22
Angular Gyrus R 26 -60 46 3.51 13
Hippocampus L -26 -40 -14 3.63 11
Lingual Gyrus L -18 -56 -2 3.43 9
Inferior Frontal Gyrus L -54 24 34 3.50 8
Middle Frontal Gyrus L -50 16 42
Medial Temporal Pole R 54 4 -18 4.31 7
Replication Sample no PTSD (N=20)
Lingual Gyrus L -12 -91 -11 5.18 364
Fusiform Gyrus L -30 -76 -11
Middle Occipital Gyrus L -18 -100 7
Fusiform Gyrus R 24 -82 -11 5.15 343
Cuneus R 18 -100 7
Calcarine Gyrus R 18 -91 1
Middle Temporal Gyrus L -57 -22 -2 4.53 12
Middle Occipital Gyrus R 36 -88 25 3.66 12
Hippocampus L -24 -7 -23 3.69 9
Superior Occipital Gyrus L -18 -88 40 4.02 8
Superior Temporal Gyrus R 54 -7 -5 3.89 8
Superior Medial Gyrus L -3 59 40 3.80 6

Results from the whole brain analyses for the NoGo>Go contrast; threshold p<0.001, k>5.

For the original sample, 16 participants were included and for the replication sample 20. When
using a p<0.001 with a FWE-corrected cluster-threshold of k=39 for original sample and k=42
for the replication sample, only occipital regions surpassed this strict threshold (bilateral middle
occipital and superior occipital gyri, calcarine and lingual gyri). This activation likely reflects the
visual cue that is only presented during the NoGo and not the Go condition. Relaxing the
threshold to k>5 showed activation other regions including the hippocampus as presented in

Table S1.
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