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Little is understood about cognitive mechanisms that confer risk and resiliency for posttraumatic stress disorder (PTSD). Prepulse
Inhibition (PPI) is a measure of pre-attentional response inhibition that is a stable cognitive trait disrupted in many neuropsychiatric
disorders characterized by poor behavioral or cognitive inhibition, including PTSD. Differentiating between PTSD-related
phenotypes that are pre-existing factors vs. those that emerge specifically after trauma is critical to understanding PTSD etiology
and can only be addressed by prospective studies. This study tested the hypothesis that sensorimotor gating performance is
associated with risk/resiliency for combat-related PTSD. As part of a prospective, longitudinal study, 1226 active duty Marines and
Navy Corpsman completed a PPI test as well as a clinical interview to assess PTSD symptoms both before, and 3 and 6 months after
a combat deployment. Participants that developed PTSD 6 months following deployment (N=46) showed lower PPI across pre and
post-deployment time points compared to participants who did not develop PTSD (N=1182) . Examination of the distribution of
PTSD across PPI performance revealed a lower than expected number of cases in the highest performing quartile compared to the
rest of the distribution (p < 0.04). When controlling for other factors that predict PTSD in this population, those in the top 25% of PPI
performance showed a >50% reduction in chance to develop PTSD (OR= 0.32). Baseline startle reactivity and startle habituation
were not significantly different between PTSD risk and control groups. These findings suggest that robust sensorimotor gating may
represent a resiliency factor for development of PTSD following trauma.

Neuropsychopharmacology (2022) 47:2238–2244; https://doi.org/10.1038/s41386-022-01460-9

INTRODUCTION
Development of posttraumatic stress disorder (PTSD) is a major
public health concern. PTSD is associated with high levels of
impairment across social and occupational domains [1], with
impact on work loss and disability on par with neurological
disorders and exceeding diabetes [2]. While the lifetime pre-
valence of exposure to traumatic events is high in the United
States (~90%), only a subset of exposed individuals will go on to
develop PTSD (~8%) [3, 4]. This disparity suggests that individual
vulnerability and or protective factors play a role in the
development of PTSD following trauma and may inform effective
prevention and treatment efforts [5].
Prepulse inhibition is an operational measure of sensorimotor

gating, a pre-attentional filtering mechanism. Presentation of a
neutral acoustic “prepulse” 30–300 ms before a more intense,
startling stimulus reduces startle magnitude, possibly via direction
of cognitive resources toward the prepulse, inhibiting responses
to the subsequent startle stimulus during this processing window
[6]. PPI is a relatively heritable trait with high test-retest reliability
and may be an endophenotype for a number of neuropsychiatric
disorders [7–13]. PPI performance is reduced in a number of
neuropsychiatric disorders including panic disorder, obsessive-
compulsive disorder, schizophrenia, Tourette’s disorder, and

Huntington’s disorder [14–18]. Just as some genetic mutations
and brain injuries may confer risk across traditional psychiatric
diagnoses [19–21], disruptions in fundamental cognitive processes
such as stimulus processing and response inhibition may
also confer risk across diagnoses, in particular diagnoses
characterized by intrusive thoughts or images, sensations or
movements [22]. The known neural substrates for PPI would also
support its association with neuropsychiatric disorders character-
ized by abnormalities in cortical, striatal, and thalamic circuits
[8, 23, 24].
For many of the disorders associated with PPI disruption, a

defining feature is the inability to inhibit intrusive thoughts and
behaviors (e.g. obsessive-compulsive disorder, Huntington’s dis-
order, and Tourettes) [8, 25]. PTSD is characterized by the inability
to inhibit trauma memories and fear responses to trauma cues
[26]. PPI is modulated by multiple neural circuits involved in
emotional regulation that are disrupted in PTSD, including
prefrontal cortex, hippocampus, and amygdala [27], all of which
modulate PPI performance [22–25]. PPI associations with PTSD
however are inconsistent, with some cross-sectional studies
showing significantly reduced PPI in PTSD patients [28–33] while
others detected no differences or only marginal differences
[34–37]. Animal models suggest that PPI may also be reduced

Received: 11 July 2022 Revised: 2 September 2022 Accepted: 13 September 2022
Published online: 3 October 2022

1Department of Psychiatry, University of California San Diego, La Jolla, CA, USA. 2Center for Excellence in Stress and Mental Health, VA San Diego Healthcare System, San Diego,
CA, USA. 3Department of Psychological Sciences, Loyola University New Orleans, New Orleans, LA, USA. 4Mental Illness Research, Education and Clinical Center, VA San Diego
Healthcare System, San Diego, CA, USA. 4These authors contributed equally: Mark Geyer, Victoria B. Risbrough. ✉email: vrisbrough@health.ucsd.edu

www.nature.com/npp

1
2
3
4
5
6
7
8
9
0
()
;,:

http://crossmark.crossref.org/dialog/?doi=10.1038/s41386-022-01460-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41386-022-01460-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41386-022-01460-9&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1038/s41386-022-01460-9&domain=pdf
http://orcid.org/0000-0001-5766-8923
http://orcid.org/0000-0001-5766-8923
http://orcid.org/0000-0001-5766-8923
http://orcid.org/0000-0001-5766-8923
http://orcid.org/0000-0001-5766-8923
http://orcid.org/0000-0001-6137-9331
http://orcid.org/0000-0001-6137-9331
http://orcid.org/0000-0001-6137-9331
http://orcid.org/0000-0001-6137-9331
http://orcid.org/0000-0001-6137-9331
http://orcid.org/0000-0001-8347-3820
http://orcid.org/0000-0001-8347-3820
http://orcid.org/0000-0001-8347-3820
http://orcid.org/0000-0001-8347-3820
http://orcid.org/0000-0001-8347-3820
https://doi.org/10.1038/s41386-022-01460-9
mailto:vrisbrough@health.ucsd.edu
www.nature.com/npp


after trauma or after activation of stress or threat-response circuits
[38–41]. Thus, it remains unclear if PPI disruption is linked to PTSD,
and if so, if this phenotype is a vulnerability factor present before
trauma exposure and PTSD diagnosis or if PPI abnormalities
manifest only after trauma exposure and PTSD symptom
emergence. To test this question we examined sensorimotor
gating and its relation to post-deployment PTSD as part of the
Marine Resiliency Study, a prospective, longitudinal study of PTSD
in Marines and Navy Corpsman deployed to Iraq or Afghanistan
[42]. We examined sensorimotor gating both before and after
deployment in participants who had no PTSD at pre-deployment,
but who were grouped by development (or not) of PTSD 6 months
after returning from deployment.

METHODS AND MATERIALS
Study design and participants
We extracted data from 4 infantry battalions (7/2008–5/2012) that
participated in the Marine Resiliency Study. Participants were evaluated
approximately 1 month (N= 2582) before a 7-month deployment to Iraq
or Afghanistan, and 3 (N= 1898) and 6 (N= 1643) months after
deployment. Detailed demographics for the MRS 1 sample are provided
elsewhere [42]. The institutional review boards of the University of
California San Diego, the Veterans Affairs San Diego Research Service, and
the Naval Health Research Center approved this study. Written informed
consent was obtained from all participants.
Of the original sample, 1498 participants were assessed for PTSD at

6 months post deployment and tested for PPI at all assessment periods
(145 participants were not tested for PPI). Of those, 144 were excluded
from the analysis due to poor hearing or unscorable startle responses at all
assessment periods (see Supplementary methods for details). An additional
126 were excluded because they met DSM-IV diagnostic criteria for PTSD at
the pre-deployment visit. Participants were included if they had
interpretable startle data at any of the three assessment periods. This
left a total of 1228 participants with interpretable startle data during at
least one assessment period and no pre-deployment PTSD diagnosis (84%
of the sample had usable data for at least two visits). Of these participants,
46 (4%) met diagnostic criteria for PTSD at the 6-month assessment period
and 1182 (96%) did not. N varied slightly across assessment period
depending on number of visits with scorable responses (e.g. PTSD group
N= 36–38).

Measures
Participants completed a 4-h test battery including historical (e.g. self-
report questionnaires), biological (e.g. blood collection, psychophysiology),
neuropsychological, psychiatric/medical, and psychosocial assessments at
each visit. Only measures used in the present study are described, for
complete methods see [42].

Clinician-administered PTSD Scale (CAPS)
Posttraumatic stress disorder symptoms were assessed using the CAPS, a
structured diagnostic interview administered before deployment, and
again 3 and 6 months after deployment [43]. The outcome variable was
diagnosis of PTSD at the 6-month post-deployment visit. The diagnosis was
meeting criteria from the Diagnostic and Statistical Manual of Mental
Disorders, fourth edition (DSM-IV): a threat to life, injury, or physical
integrity (Criterion A1) and the presence of at least one re-experiencing
symptom, three avoidance symptoms, and two hyperarousal symptoms
[44–46]. Symptoms must have occurred at least once within the past
month (frequency ≥ 1) and caused a moderate amount of distress
(intensity ≥ 2) [47]. CAPS score (intraclass correlation coefficient= 0.99)
and PTSD diagnosis (Kappa= 0.714) inter-rater reliability was high. CAPS
total score (0–136 range) served as a continuous measure of PTSD
symptom severity.

Deployment trauma and stress exposure
To assess deployment stressors we administered 4 subscales of the
Deployment Risk and Resilience Inventory (DRRI) [48] 1 week after return
from deployment: Combat Experiences, Aftermath of Battle, Deployment
Concerns about Life and Family Disruptions, and the Difficulty Living and
Working Environments. Subscale scores were centered (subject score-
group mean score) and averaged to produce one composite DRRI score.

Positive and negative values represent higher and lower deployment
stress, respectively.

Potential covariates
Tobacco and caffeine use, history of head injury and ancestry were
examined as potential moderators of PPI and/or PTSD (see Supplementary
methods for details). Only ancestry and deployment head injury were
selected as variables in final statistical models. Ancestry: To control for the
association of PPI with race/ethnicity we used ancestry identification using
genetic markers as previously described (see Supplementary materials and
[49]), which grouped subjects into 4 possible ancestry categories: African,
Hispanic/Native American, European, and East Asian/other ancestry.
Traumatic Brain Injury (TBI): Because we previously found a strong
association between deployment TBI and PTSD post-deployment in this
population [50] this variable was included in our logistic regression models.
Participants were queried about lifetime head injuries sustained before the
index deployment and injuries sustained between the pre-deployment
and 6-month post-deployment assessments (for details see [50]). TBI was
defined as any head injury resulting in self-reported loss of consciousness
(LOC) or altered mental status (i.e., dazed, confused, “seeing stars,” and/or
posttraumatic amnesia immediately afterward or upon regaining con-
sciousness [51]) and treated as a categorical variable (0= no TBI, 1= one
or more TBI). Pre-deployment lifetime trauma exposure was assessed using
the Life Events Checklist (LEC)[52], which asks participants if they have
experienced, directly or indirectly or learned about, any of 17 different
traumatic experiences such as a natural disaster or assault. The number of
traumatic events endorsed by either direct experience, indirect experience,
or by learning about was summed to create a trauma exposure score.

Stimuli and apparatus
Acoustic stimuli were delivered and electromyography (EMG) was
recorded using SR-HRLAB (San Diego Instruments, San Diego, CA, USA)
as previously described [53, 54]. EMG signals were amplified (0.5 mV
electrode input = 2500-mV signal output), band-pass filtered (100–1000
Hz), digitized, and recorded (1 kHz sampling rate). Electrode impedance
was <10 kΩ.

Psychophysiology experimental procedures
To assess hearing, each participant was tested for detection of a 35-dB
tone ranging from 500–3000 Hz (Grayson-Stadler Audiometer, see Supple-
mentary materials). Subjects were seated in a comfortable chair and fitted
with headphones. Two electrodes (Ag/AgCl) were placed at the left
orbicularis oculi muscles. A reference electrode was placed on the left
mastoid. The acoustic startle session consisted of a 5-min acclimatization
period with a 70-dB broad-band background noise (continuous through-
out the session), followed by a startle threshold test [55], an anxiety-
potentiated startle test [56] and prepulse inhibition test [54]. Three min
breaks were given between each test. Here we will discuss the PPI
results only.
After a 1.5-min acclimation period participants were presented with

the following trial types: a 40 ms, 114 dB startle pulse and three 20 ms
prepulse + pulse combinations (86 dB prepulse preceding the 114 dB
pulse at either a 30, 60, or 120 ms interval) with an average inter-trial
interval of 15 s (range: 10–20 s) [18, 54]. A block of three 114 dB pulse-
alone trials was presented at session start, followed by a block of
mixed prepulse+pulse trials (6 each of 3 trial types) and 114-dB pulse-
alone trials (10) presented in a pseudorandom order, and ending with a
block of 3 114-dB pulse-alone trials. Pulse-alone trials were analyzed
across the three blocks to test startle habituation [18, 54]. Only trials
within block 2 were used to compute PPI. %PPI = 100− [(startle
response for PREPULSE+ PULSE trial)/(startle response for PULSE-ALONE
trial)] × 100.

EMG data preparation
EMG data were smoothed (5-ms rolling average) and responses were
visually examined across each trial by a trained technician blind to
symptom statsus to identify and remove artifact (e.g. voluntary blinks) that
were not associated with the pulse onset (e.g. a response was not counted
unless it was within 100 ms of pulse onset). Artifact not associated with
pulse onset (e.g. a voluntary blink) or trials with exceptionally high noise
levels at baseline were identified and removed by a blind rater according
to standard methodology [53]. Subjects that did not have a detectable
startle response (non-responder) or had poor hearing were excluded
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(see Supplementary methods for details). Non-responders were removed
due to potential floor effects of low startle reactivity and/or excessively
high noise confounding PPI measures.

Statistical analysis
Covariate selection. Potential covariates based on past literature were
examined for associations with PPI before final model building. We found
no associations of self-reported caffeine and nicotine use on PPI, consistent
with other studies [54]. Nor did we find an effect of specific Battalion to
which each participant was assigned. Thus, these variables were not used
in the final statistical models. Both groups exhibited similar levels of TBI
exposure at pre-deployment thus this was not used as a factor in the
models (Table 1, and Supplementary materials).

Mixed effects models. Linear mixed models were used to examine
differences between participants with and without PTSD on PPI
performance and baseline startle. For the PPI model, PTSD status, ISI,
and Visit were entered as fixed factors (ISI and Visit as repeated measures).
Testing Battalion and Subject ID were entered as nested random factors
(Participants within Testing Battalion). For the baseline startle model, PTSD
status, Startle Block, and Visit were entered as fixed factors (Startle Block
and Visit repeated). Testing Battalion and Subject ID were again entered as
nested random factors. In both cases, an unstructured covariance matrix
was specified for repeated measures as suggested by model selection
criteria. Restricted maximum likelihood estimation was employed for
analysis of missing data. Significant effects (α= 0.05) were explored using
post-hoc simple effects tests with Tukey HSD adjustments. To investigate
the relationship of combat experience and post-deployment PPI, Pearson
correlations were conducted between each prepulse trial type and the
DRRI score. Similarly, to investigate the relationship between PPI
performance and PTSD symptom severity Pearson correlations were

conducted between average PPI performance and CAPS total scores at 3
and 6 months post deployment.

Logistic regression model. According to the results of the linear mixed
model, PPI was not significantly different across visits in line with multiple
previous studies of consistent test-retest reliability [9–13]. Accordingly, for
the logistic regression prediction of PTSD diagnosis, a “trait” PPI score for
each individual was computed by averaging PPI across visits. A binary
logistic regression model was then used to explore the extent of the
influence of membership in the top quartile of the distribution of these PPI
scores had on the probability of meeting criteria for PTSD at 6 months post
deployment. We chose to focus on the 6-month time point to capture
associations with more enduring PTSD diagnostic status.
Measures of pre-deployment PTSD symptoms, intensity of combat

experience, and deployment-related traumatic brain injury were included
in the model to assess the unique effect of PPI group membership in the
context of other strong predictors of PTSD [55]. Battalion was not found to
be a significant predictor and was thus removed from the analysis. History
of lifetime severe TBI was not different across PPI performance groups (Top
25% vs. bottom 75% had 3 and 5% of subjects respectively endorsing a
severe TBI) thus was not used in the model. African ancestry was found to
significantly increase predicted PTSD probability relative to European
Ancestry in this sample, however, inclusion or exclusion of this factor did
not alter the overall effects of the other predictors (see Supplementary
methods). Ancestry was also not associated with PPI performance, similar
to other large studies of PPI [57, 58]. Thus, Ancestry was dropped from the
logistic regression model for simplicity of interpretation and to avoid
overfitting.

RESULTS
Demographics
Demographic information is in Table 1. Participants with PTSD at
6 months post deployment did not significantly differ in age from
participants who did not develop PTSD. Participants with PTSD at
6 months post deployment also did not differ on pre-deployment
exposure to traumatic events [t=−1.64, ns]. Participants with
PTSD had significantly higher CAPS total scores at baseline
[t=−4.57, p < 0.0001] and at 6-month [t=−25.5, p < 0.0001]
assessments, as well as higher combat exposure [t=−4.82,
p < 0.0001]. Significantly higher rates of deployment TBI were
present in PTSD vs. healthy participants (52.2% vs.18.3%; Fisher’s
exact test = p < 0.0001). A Chi-Square test for Ancestry was invalid
due to smaller than 5 expected frequencies in two PTSD
group cells.

Linear mixed models
Prepulse inhibition. As expected, there was an overall main effect
of ISI [F(2,5563)= 178.05, p < 0.0001] which did not vary across
visits [ISIxVisit: F(4,3615) < 1, n.s.] such that PPI performance
increased with each lengthening of the ISI (ps < 0.05). PPI
performance remained stable across all visits [Main effect of Visit:
F(2,4809) < 1, n.s.].
There was a significant main effect of PTSD status

[F(1,1358)= 6.83, p < 0.009] such that participants with PTSD at
6 months post deployment overall showed reduced PPI across all
visits relative to participants without PTSD (Fig. 1, top panel). The
group difference in PPI performance was also dependent upon ISI
[Fig. 1, bottom panel; F(2,5563)= 3.72, p < 0.03]. Post-hoc tests
showed that the PTSD group at 6 months had reduced PPI at 30
(p < 0.05) and 60 ms trials (p < 0.001) relative to participants
without PTSD. This effect did not vary across visits [ISI × PTSD ×
Visit: F(4,3615) < 1, n.s.].

Baseline startle. There was a main effect of Visit on startle
[F(2,7780)= 5.02, p < 0.007] which trended toward varying by
PTSD status [See Fig. 2, left panel; F(2,7780)= 2.77, p < 0.07]. This
trend is due to slightly elevated startle responding at baseline in
the PTSD group compared to those without PTSD, although no
post-hoc comparisons were significant. All groups habituated

Table 1. Demographics.

Group (PTSD at 6 mo post
deployment)

No PTSD
(n= 1182)

PTSD (n= 46)

Pre-deployment age 22.35 (3.43) 22 (2.31)

Education

<High school 4.9% 2.2%

High school 64% 67.4%

Some college 27.6% 21.7%

Bachelors 2.8% 6.5%

Post-Graduate 0.6% 0%

Ancestry (genetic)

European 67% 54.3%

African 4.4% 10.9%

Hispanic/N.A. 18.3% 21.7%

Asian/Other 10.3% 13%

Pre-deployment trauma
exposure

6.41 (3.96) 7.32 (3.74)

CAPS total score

Pre-Deployment 12.82 (11.68) 20.93 (14.85)a

6 mo. post deployment 12.21 (12.89) 61.98 (15.26)a

DRRI Score (Z) 0.02 (0.76) 0.4 (0.79)a

Deployment TBI 18.3% 52.2%a

Lifetime Severe TBI 4% 7%

Data presented as mean (standard deviation) or percentages.
PTSD = PTSD diagnosis at 6 mo post deployment.
Lifetime severe TBI indicates self-report of TBI with loss of consciousness
greater than 30min.
NA Native American.
ap < 0.05 vs. Healthy.
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similarly to the startle stimuli over time [Fig. 2, right panel; Main
effect of block: F(2,7780)= 264.04, p < 0.0001, Main effect of
group: F(2,7780) < 1, n.s.].

Logistic regression
To explore the difference in PPI across the two groups, we
compared the distribution of PPI scores in participants with and
without PTSD (Fig. 3, inset). PTSD cases were well represented
across the lower three quartiles of the distribution, however,
fewer PTSD cases overlapped with controls in the top quartile of
PPI performers. Indeed, the top quartile of performers included
only 10.9% of the PTSD cases whereas 89.1% of PTSD cases were
located in the lower three quartiles (lower 75% of all
performers). Fisher’s exact test analysis confirmed that the
uneven distribution of PTSD cases between the highest quartile
and the lower 3 was significant (p < 0.04, Fig. 3; Top 25%: N
subjects with PTSD= 5 out of 391, 1.7%; Bottom 75%: N subjects
with PTSD= 41 out of 934, 4.4%). We then conducted a binary
logistic regression to determine the risk scores for PTSD across
the top 25% and bottom 75% groups (Table 2) in conjunction
with known strong risk factors in this sample (deployment TBI,
deployment trauma/stress, and pre-deployment symptoms [55]).
All four variables included in the model were significant, unique
predictors of post-deployment PTSD, with the total model
producing a pseudo-R2 of 0.16. Larger number of pre-
deployment symptoms, deployment stressors, and incidence of
deployment-related TBI all predicted a higher probability of
PTSD. Membership in the top quartile of PPI performance
significantly reduced the likelihood of meeting criteria for PTSD
independent of the influence of the other variables (OR= 0.32,
p= 0.02). To assess the contribution of PPI performance in
relation to our covariates, a separate stepwise regression was
conducted with all covariates entered at step one and PPI
entered at step 2. At step one, all covariates remained significant
predictors of PTSD status and the model produced a pseudo-R2

of 0.135, indicating that PPI performance accounted for an
additional 2.5% of the probability of developing PTSD (pseudo-
R2 of 0.16 for the full model).

Correlations
PPI and startle reactivity significantly correlated with deploy-
ment stress with trivial to small strength (rs= 0.07–0.13,
see Supplementary materials for details). Neither PPI nor startle
reactivity was associated with symptom severity at 3 or 6 months
post deployment in the entire sample or within PTSD
cases alone.

Fig. 2 Startle reactivity and habituation do not differ across those that did and did not go on to develop PTSD post deployment. Left
panel. Average startle reactivity across the session at each assessment visit. Right panel. Startle habituation across 3 session blocks, averaged
across all visits. AU arbitrary units.

Fig. 1 PPI performance before and after deployment in those that
did and did not go on to develop PTSD post-deployment. Top
panel. Participants who went on to endorse PTSD at the 6 mo post
deployment time point exhibited significantly reduced PPI inde-
pendently of assessment period. *p < 0.05 Main effect of Group. See
Results for details. Bottom panel. Participants who went on to
develop PTSD at 6 months post deployment exhibited overall
reductions in PPI at the 30 and 60 but not 120 ms ISI parameters
*p < 0.05 ***p < 0.001 vs. No PTSD group, post hoc simple
comparisons after ISI X group interaction. See “Results” for details.
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DISCUSSION
The current study represents the first prospective, longitudinal
test of PPI change in response to trauma exposure and
development of PTSD. Development of PTSD 6 months following
return from combat deployment was associated with signifi-
cantly lower “trait” PPI, i.e. similar PPI scores across all
assessment periods relative to participants who did not develop
PTSD at 6 months. These effects were independent from general
startle magnitude and habituation, which were not different
across groups likely due to difficulty in detecting startle
differences in individuals with PTSD when using high-intensity
startle stimuli in neutral contexts [55, 59]. Furthermore, PPI
performance did not strongly correlate with trauma exposure or
symptom severity, suggesting that PPI performance may be a
stable trait relatively impervious to long-term effects of trauma
or PTSD diagnosis.
PTSD cases were least prevalent in the highest performing

quartile of the PPI distribution, supporting the intriguing notion
that relatively high PPI may be a PTSD resiliency factor, in contrast
to low PPI being a risk factor. Logistical regression indicated that
those scoring in the top 25% of the distribution had less than half
of the risk for developing PTSD compared to participants scoring
in the remaining 75% of the distribution. This pattern indicates
high PPI performance specifically may play a role in resiliency to
develop symptoms, but outside of this high performance group,
PPI is not related to symptom severity. Whether high sensorimotor
gating per se is an important mechanism for resiliency or if it is

simply a marker for biological mechanisms (e.g. robust circuit
function/connectivity) that confer resiliency is unclear.
Neural circuits that modulate PPI in humans are also strongly

implicated in PTSD, and to some degree implicated in PTSD risk
[60]. Imaging studies have shown consistent positive associations
between prefrontal cortex activation, volume, white matter
integrity and glucose metabolism with PPI performance [61–65].
These circuits are disrupted in PTSD patients after trauma [60],
thus high PPI may reflect greater functionality and/or reserve to
buffer stress-induced effects on this circuit. Hippocampal and
amygdala circuits also modulate PPI, and these circuits have been
linked to predisposition to develop PTSD [21, 60].
PPI is thought to measure a pre-attentional filtering mechanism

that gates external and internal stimuli, and is positively correlated
with some measures of executive function [66]. Thus, at a simple
conceptual level a marked ability to gate or inhibit responses
would not be a surprising resiliency factor for development of
PTSD, as PTSD is characterized by intrusive thoughts and
memories of the trauma as well as uncontrollable fear responses
to external and internal stimuli. There is little information however
about the overlap between PPI performance and emotion and fear
regulation task performance that is associated with PTSD. PPI can
be broken into both “automatic” and “controllable” components
across different ISIs, with only ISI >100 ms modifiable by conscious
attentional control (see Braff et al. [25] for review). In the present
study, only PPI performance within the “automatic” spectrum (30
and 60 ms ISI) was significantly associated with PTSD diagnosis
(schizophrenia is most consistently associated with deficits at the
60 ms ISI [58]). Thus, mechanisms that subserve “automatic”
filtering performance may be important for this association with
trauma resiliency. Finding that PPI performance at short but not
long ISIs is associated with PTSD risk may explain why previous
findings of PPI “deficits” are inconsistent in the literature, which
have most typically used ISIs of 120 ms [26–32, 36, 37]. Given the
present findings suggesting PPI performance is related to risk
rather than modified by PTSD, may also explain why it may be
more difficult to detect group differences consistently in smaller
studies.
The present study and others have shown that PPI is a relatively

stable trait (present results [67]), and that it has significant
heritability [68]. Thus, future work of examining potential gene
overlap between PTSD-associated risk and resiliency alleles and
PPI-associated genes may prove fruitful in understanding path-
ways mediating stress resiliency [69]. It is not clear however if PPI
is also “trainable”, and if so, if increasing PPI performance
generalizes to other cognitive and emotional functions or reduces
psychiatric risk. “Bottom-up” training of acoustic discrimination
has been shown to improve a wide range of cognitive and global
functions in schizophrenia subjects [70], thus the idea that
enhancement of relatively “simple” stimulus processing or
inhibitory functions may confer therapeutic or even possibly
prophylactic benefit is worth further research.
Strengths of this study include the very large sample size and

the relatively rare prospective, longitudinal design to assess PPI

Fig. 3 Prevalence of PTSD in top PPI performers. Top 75th
percentile of PPI performers across the sample exhibit a significantly
lower rate of PTSD diagnosis relative to those in the lower range
than would be expected by chance (Fishers exact test, p < 0.05).
Inset: Scatter plot of PPI collapsed across 30 and 60 ms ISI trials and
all visits for individuals who did and did not develop PTSD 6 mo
after deployment illustrating lower membership in the top 75th
performance percentile among those who developed PTSD.

Table 2. Logistic regression predicting PTSD diagnosis at 6 months post deployment.

Predictor β Wald p Odds ratio 95% CI (LL – UL)

Pre-deployment

PTSD symptoms 0.04 12.8 <0.001 1.04 1.02 1.06

Deployment Trauma/Stress 0.55 6.93 0.008 1.73 1.5 2.6

Deployment TBI 1.24 12.68 <0.001 3.45 1.74 6.8

High PPI performance −1.15 5.5 0.02 0.32 0.12 0.83

Pre-deployment symptoms as measured by total CAPS score. Deployment Trauma/Stress as measured by composite DRRI 1 week post deployment return.
Deployment TBI indicates endorsed at least one head injury with altered mental state, loss of consciousness and/or post-injury amnesia. High PPI performance
indicates representation in the top 25% of sample population distribution. PPI performance is defined as average PPI across 30 and 60 ms trials across all visits.
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before trauma exposure and PTSD development. Limitations for
this study include that the endorsement of PTSD at 6 months post
deployment was relatively low (4%), which may have reduced our
statistical power. Further, the was conducted only in men, as
females did not at that time participate in Marine Infantry
battalions, and represents a highly screened and relatively
homogenous population. These factors may reduce general-
izability of our results to more vulnerable and/or heterogeneous
populations.
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