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Stressful Event Exposure and PTSD Symptoms
are Related to Differences in Safety Memory o

Samantha Goldberg", Rachel John?, Elizabeth Duval®

Many individuals experience traumatic and stressful events, but very few develop post-traumatic stress disorder (PTSD).
Research focused on people with PTSD and trauma-exposed healthy controls has examined how learning and memory
processes may be associated with PTSD symptoms. While there is a growing literature focused on factors associated with
PTSD development, fewer studies investigate relationships between stressful event exposure and learning and memory
processes in healthy individuals. We aimed to study relationships between stressful event exposure, PTSD symptoms,
and neural activity underlying performance during a fear extinction recall task. Participants (N = 22) included people with
PTSD and healthy adults with and without trauma exposure. Participants were conditioned to threat in one context (e.g.,
living room), followed by extinction (safety learning) in another context (e.g., office). The next day, participants completed
extinction recall (extinguished conditioned stimulus was presented again in the safe context) during fMRI scanning. Across
all participants, there were negative relationships between extinction recall performance and stressful event exposure and
post-traumatic stress symptom (PTSS) severity. In individuals with PTSD, there was a negative relationship between symp-
tom severity and hippocampal activity during extinction recall. Our results highlight trauma- and PTSD-related differences
in hippocampal function associated with learning and memory. These findings suggest that trauma exposure is associated
with differences in cognition even in healthy adults and support the examination of trauma and PTSS on a continuum, in
people with and without PTSD.

INTRODUCTION

Posttraumatic stress disorder (PTSD) is a trauma- and
stressor-related disorder hallmarked by intrusive and often
debilitating symptoms following exposure to a traumatic
event. PTSD is characterized by pervasive fear and hyper-
vigilance, which continue even in contexts where these re-
actions are not appropriate (American Psychiatric Associa-
tion, 2013). To be diagnosed with PTSD, the Diagnostic and
Statistical Manual of Mental Disorders (DSM-5) requires that
the individual experienced a “criterion A” traumatic event,
defined as direct or indirect exposure to “actual or threat-
ened death, serious injury, or sexual violence,” (American
Psychiatric Association, 2013). In the U.S., an estimated 80
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percent of the population will experience one or more crite-
rion — A traumatic events in their lifetime, and less than 10
percent of those exposed to a traumatic event will develop
PTSD. This is consistent among other countries, including
those that have lower estimations of exposure to traumatic
events (Breslau, 2009). This disparity between exposure to
a traumatic event and development of PTSD brings about
questions regarding what factors may be associated with
risk for developing the disorder in those exposed to a trau-
matic event.

There is a large amount of research focused on structur-
al and functional differences in brain areas primarily involved
in memory, particularly the hippocampus, in people with
PTSD compared to trauma-exposed controls, and/or non-
trauma exposed controls (Gurvits et al., 1996; Gilbertson et
al., 2002; Carrion et al., 2009; Milad et al., 2009; Woon et al.,
2010; Logue et al., 2017). Smaller hippocampal volume has
been associated with a PTSD diagnosis when compared
to trauma-exposed control groups, and smaller hippocam-
pal volume has been correlated with greater chronic PTSD
symptom severity (Gurvits et al., 1996; Gilbertson et al.,
2002; Apfel et al., 2011; Logue et al., 2017; Xie et al., 2017).

In addition to structural differences, functional neuroim-
aging studies report that people with PTSD have reduced
performance on declarative memory tasks (Dickie et al.,
2008; Carrién et al., 2009), and show less hippocampal ac-
tivity during retrieval in some of these tasks compared to
healthy controls (Carrion et al., 2009). Evidence suggests

JYI | January 2021 | Vol. 39 Issue 1
© Goldberg et al., 2021



«*%
’.-.JYf Journal of Young Investigators

that hippocampal function during learning and memory tasks
is associated with PTSD symptoms. For instance, Carrion et
al. (2009) found a correlation between reduced hippocampal
activation and greater avoidance symptoms in PTSD. Since
the hippocampus is important in memory processes (Ache-
son et al., 2011), the findings from these studies point to
deficits in hippocampal function in people with PTSD.

There are also findings suggesting smaller hippocampal
volume in trauma-exposed groups without PTSD, compared
to non-trauma-exposed groups (Woon et al., 2010). Longi-
tudinal imaging work in soldiers has found stress-induced
reductions in hippocampal volume, even in those who had
not developed PTSD (Admon et al., 2012). In addition to hip-
pocampal differences related to trauma exposure, there is
evidence that general stress (not specifically trauma) expo-
sure is associated with smaller hippocampal volume (Chi-
ang et al., 2015). Since brain volume is related to function
(Qing and Gong, 2016), the findings of smaller hippocampal
volumes in those who have been exposed to trauma and
stress, both with and without PTSD, suggest there may also
be differences in hippocampal function in healthy people
who have been exposed to trauma and stress, compared to
those who have not.

Even without a PTSD diagnosis, there is evidence to
support that there are differences in memory performance
and neural activity in people with exposure to stressful and/or
traumatic events compared to non-exposed individuals. For
example, performance on hippocampal-dependent memory
tasks has been found to be related to the amount of stressful
event exposure in trauma-exposed controls (John and Du-
val, 2018). Additionally, evidence suggests that people who
have been exposed to more stress throughout their lives, re-
gardless of trauma-exposure, have deficits on hippocampal-
dependent memory tasks (Chiang et al., 2015).

A culmination of research now suggests that poorer
contextual memory abilities are related to PTSD symptoms
(Liberzon and Abelson, 2016). Contextual memory involves
using environmental information to determine when one is
safe and relies on the hippocampus (Acheson et al., 2011).
Specifically, contextual memory deficits may be related to
PTSD because people with PTSD experience fear in safe
environments (e.g., a lion in a zoo is not threatening) and
do not experience fear in dangerous environments (e.g., a
lion in the wild is threatening) (Garfinkel et al., 2014). Fear
learning paradigms are used to test contextual modulation
of fear and safety. In these tasks, participants first learn that
a cue (e.g., blue light) predicts a negative stimulus, such as
a loud noise or electric shock when presented in a particular
environment (e.g., office). Participants then go through an
extinction protocol, in which they learn that the same cue
(blue light) does not predict the negative stimulus (noise or
shock) when presented in a different environment (e.g., liv-
ing room). Thus, the office becomes a “dangerous” context
and the living room becomes a “safe” context. Extinction
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recall (ER) later tests participants’ ability to remember that
the cue will not be paired with the negative stimulus in the
“safe” environment (Milad et al., 2009). During ER, there is
evidence that better performance is associated with greater
hippocampal activation (Milad et al., 2009).

Studies investigating fear learning and extinction found
correlations between PTSD symptom severity and patterns
of brain activity during these tasks (Sripada et al., 2013).
Greater hippocampal activity during fear conditioning and
extinction learning was found to be positively correlated
with severity of both overall PTSD symptoms and avoidance
symptoms. While evidence suggests that ER is poorer in
those with PTSD (Milad et al., 2009), it remains unclear how
hippocampal activity during ER is associated with symptom
severity across a continuum of those with PTSD and healthy
individuals.

Additionally, in a few studies, stressful event exposure,
separate from trauma exposure and subsequent PTSD, has
also been related to ER performance. Animal studies have
found that exposure to stressful events, such as maternal
separation, is related to poorer ER (Cowan et al., 2013; Cho-
cyk et al., 2014). Further, in humans, acute stress has been
found to impair ER (Raio et. al., 2014). These questions
have not yet been fully explored and there remains a lack
of research investigating how exposure to different types of
stress, even in healthy individuals, is related to ER perfor-
mance.

This study aims to fill a gap in the current literature by
examining hippocampal function during ER and its relation-
ship with both stress exposure and PTSS, in people with and
without PTSD. Based on previous findings of a positive rela-
tionship between ER performance and hippocampal activity
(Milad et al., 2009), we expect to find a similar relationship
across all participants (with and without PTSD). Additionally,
we predict negative relationships between ER performance
and stressful event exposure, and ER performance and
PTSS severity. We also expect to find negative relationships
between hippocampal activity and PTSS severity, and hip-
pocampal activity and stressful event exposure.

METHODS

Participants

Participants included right-handed adults, with and without
trauma exposure, between the ages of 18 and 45 years old.
Participants were recruited from the University of Michigan
Health System, advertisements around the University of
Michigan campus, and the larger Ann Arbor, Michigan com-
munity. Recruitment efforts will continue for the next two
years, as this project was part of a larger, ongoing study.
The current study includes data from 22 participants (5
Non-trauma Exposed Controls (NEC), 8 Trauma Exposed
Controls (TEC), and 9 with PTSD), with a mean age of 27
years old. Two participants were male (9.09 percent), and
20 were female (90.91 percent). Sixteen participants were
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Caucasian (72.73 percent), three were African-American
(13.64 percent), two were Asian (9.09 percent), and one
was Hispanic (4.55 percent). Of the 22 participants, five par-
ticipants had unusable neuroimaging data due to processing
inconsistencies in field map and physiological corrections.
These participants were still included in analyses examining
performance and clinical data.

Selection Criteria

In order for participants to be eligible for inclusion in the
study, they had to be able to give informed consent and
have normal or corrected-to-normal vision. TECs must have
had a history of a criterion-A traumatic event but were free
of any Axis-1 diagnoses including PTSD; NECs could have
no history of a traumatic event or Axis-1 diagnoses. Par-
ticipants with PTSD had a primary diagnosis of PTSD at the
time of evaluation. Exclusion criteria for all groups included
significant medical or neurological condition, active suicidal
ideation, alcohol/drug abuse or dependence in the last year,
a lifetime history of schizophrenia, bipolar disorder, mental
retardation, or pervasive developmental disorder, and con-
traindication for MRI.

Procedure

All procedures were approved by the institutional review
board at the University of Michigan and all participants pro-
vided written informed consent prior to enrollment.

Visit Procedure

Participants first came for an initial evaluation to determine
eligibility, which included the Life Events Checklist for DSM-
5 (LEC-5; Weathers et al., 2013) to assess for history of cri-
terion A trauma exposure and types of stressful event expo-
sures, and the Clinician Administered PTSD Scale (CAPS-5;
Weathers et al., 2013) to evaluate for PTSD symptoms. Ad-
ditional diagnostic screeners were also used to rule out other
psychiatric conditions. Eligible participants came to the lab
on two consecutive days. During day one, participants com-
pleted a fear conditioning and extinction paradigm (Figure 1,
day one), and during day two (24 hours later), participants
completed an extinction recall and fear renewal paradigm
(Figure 1, day two).

Experimental Procedure

During day one, participants completed a fear conditioning
and extinction paradigm (Figure 1, day one) that lasted ap-
proximately one hour. Participants were fear conditioned
with one of two contexts (“living room” and “office”), with two
cues (orange and blue light) as conditioned stimuli (CS). A
500 ms white noise was used as the unconditioned stimulus
(US). During fear conditioning, one context (office or library,
counterbalanced) was shown for 2 to 7 seconds, followed
by the CS for an additional 2 to 7 seconds, with each period
controlled to last a total of 9 seconds. For CS+ (orange or
blue light, counterbalanced), the US was delivered during
10 of 16 trials (60 percent) to coincide with CS offset. The

Research @

o= DAyl ——__ Dy 2

Extinction

it i
BEEers.. BEER..
&?‘I}@E M-@}

Figure 1. Fear conditioning, extinction, and extinction recall
(Joshi, S. 2017). Fear conditioning contingencies (danger context
and light color) were established on day one, followed by extinc-
tion in the safety context to establish CS+E. On day two, extinc-
tion recall was tested using re-presentation of the CS+ (without the
presence of a loud noise) interleaved with CS- in the safety context.

Acquisition Extinction Recall

CS- was presented 16 times, but never followed by the US.
Afixation cross was used as the inter-trial interval, jittered for
4 to 12 seconds. Extinction followed conditioning in the other
context (office or living room). Participants were shown 16
presentations of the CS+ without being followed by the US
(CS+E), interleaved with 16 CS- presentations. Thus, at the
end of extinction, participants should have learned that the
conditioning context is “dangerous” (CS+ predicts the US in
this environment), and the extinction context is “safe” (CS+E
does not predict US in this environment).

On day two, participants completed the ER phase dur-
ing fMRI scanning to examine hippocampal activity related
to memory for prior safety learning (Figure 1, day two). Dur-
ing ER, the extinction context (“safe” context) from day one
was presented again. Participants were shown interleaved
CS+E and CS- stimuli (eight presentations each) and rated
how likely they were to hear a loud noise for both the CS+
and CS-.

Materials

Life Events Checklist for DSM-5

Participants completed the Life Events Checklist for DSM-5
(LEC-5; Weathers et al., 2013) to assess how many differ-
ent types of stressful life events (e.g. natural disaster, car
accident, physical assault, sexual assault, etc.) participants
have been exposed to throughout their lifetime. The check-
list includes 17 various stressors, with the last item offer-
ing a free-form response for “other.” Participants reported
whether each item happened to them, was something they
witnessed, learned about happening to someone they have
a close relationship with, or was part of their job. Partici-
pants responded to each item with a “yes” or “no” response.
Thus, the absolute number of each type of event was not as-
sessed. This measure is limited to the assessment of wheth-
er people experienced different types of stressful events.
This measure was also used to determine if a participant
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was exposed to a criterion A traumatic event for subsequent
assessment for presence of PTSD. This measure was cho-
sen because it is used along with the Clinician Administered
PTSD Scale for DSM-5 to identify the presence of stress and
trauma exposure and has been shown to have good reliabil-
ity and validity (LEC-5; Weathers et al., 2013).

Functional Neuroimaging

Scanning was performed using a General Electric 3T Dis-
covery MR750 Series MRI (GE Healthcare). T1-weighted
anatomical images were acquired with a 3D SPGR se-
quence (FOV =256 x 256 mm, slice thickness =1 mm, 0 mm
gap). Axial slices aligned with the AC-PC plane were used
for slice localization, transformation, and coregistration.
Functional scans consisted of gradient echo blood oxygen
level dependent (BOLD) scans (TR/TE = 2000/28 ms, flip
angle = 90°, FOV = 192 x 192 mm, slice thickness = 3 mm,
0 mm gap). Data was analyzed using Statistical Parametric
Mapping (SPM12) for MATLAB. Images were slice-time cor-
rected, realigned and coregistered to the structural images,
normalized to the Montreal Neurological Institute (MNI) stan-
dard brain, and smoothed. We chose to use fMRI as a neu-
roimaging method because of its strong spatial resolution
and ability to non-invasively quantify function in the brain,
including the hippocampus.

Expectancy Ratings

During ER, participants were shown interleaved CS+E and
CS- stimuli (eight presentations each), and rated how likely
they were to hear a loud noise for both the CS+ and CS- at
three points, representing an early rating one-third through,
a middle rating two-thirds through, and a late rating after the
final presentation. The ratings were on a scale from 1 (“not
at all likely”) to 5 (“definitely”). This examined whether par-
ticipants could recall prior safety/extinction learning by rec-
ognizing that CS+E does not predict threat in the “safe” con-
text. Higher expectancy ratings were indicative of worse ER
performance. Consistent with other studies assessing threat
and safety learning (Milad et al., 2009), we chose to use ex-
pectancy ratings as a measure of learning, as they allowed
us to directly assess whether participants understood safety
and threat contingencies during the tasks.

Statistical Analysis

We used SPSS to analyze participant demographics and
clinical data. We ran chi-squared tests of independence to
confirm that the NEC, TEC, and PTSD groups did not have
statistically different distributions of race and gender, and
used an ANOVA to confirm that the mean age was not sta-
tistically different between the groups. To test the hypothesis
that stressful event exposure is related to PTSD symptoms
across all participants, we ran a correlation in SPSS to look
at the relationship between LEC-5 and CAPS scores. To un-
derstand if PTSS severity and/or stressful event exposure
were related to ER, we ran correlations between CAPS/
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Figure 2. Positive relationship between PTSD symptom se-
verity and expectancy ratings.
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Figure 3. Positive relationship between stressful event expo-
sure and expectancy ratings.

LEC-5 and expectancy ratings to look at the relationship be-
tween PTSS/stressful event exposure and ER performance.

MRI Data Processing and Analysis

We utilized SPM12 for MATLAB for fMRI analyses. We used
an anatomical mask from the Automatic Anatomical Label-
ing (AAL) atlas for SPM to define the hippocampus as our
region of interest (ROI) for all fMRI analyses. To create acti-
vation maps, we created a contrast to compare CS+E to the
implicit baseline (fixation cross). Images were thresholded at
p < 0.001, uncorrected. We used small volume family-wise
error corrections (FWE SVC) within the anatomical hippo-
campus to correct for multiple comparisons.

To determine if hippocampal activation was related to
ER performance, we extracted beta weights for each run of
ER from the AAL hippocampal mask and submitted them to
correlations with expectancy ratings from each run in SPSS.
To test the hypothesis that PTSD symptoms are negatively
related to hippocampal activity during ER, we ran a correla-
tion between CAPS-5 scores and activation in the hippocam-
pal ROI. To test the hypothesis that stressful-event exposure
is negatively related to hippocampal activity during the ER
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Figure 4. Trend towards a negative relationship between hip-
pocampal activity during CS+E and PTSD symptom severity
in all participants (p < 0.063 FWE SVC). 4a. Sagittal view of the
brain 4b. Coronal view of the brain. 4c. Ventral view of the brain. 4d.
Scale indicating strength of relationship.

task, we also ran a correlation between LEC-5 scores and
activation in the hippocampal ROI. We chose to use correla-
tions because our hypotheses involved examining relation-
ships between continuous variables. Specifically, we were
focused on understanding how the amount of stress/trauma
exposure and PTSS severity was associated with safety
memory and underlying hippocampal function across indi-
viduals with and without PTSD.

RESULTS

Demographic and Clinical

Chi-squared tests of independence showed that there were
no significant differences between groups in race, X? (6) =
3.37 or gender distribution, X? (2) = 3.85. An ANOVA found
no significant differences in age between the groups, F(2,
19) = .576.

CAPS scores across the entire sample ranged from 0
to 51 (M = 11.56, SD = 15.25). An ANOVA found significant
differences in CAPS scores between groups, F(2, 19) =
50.463, p <0.0001. The PTSD group had significantly higher
CAPS scores (M =32.00, SD = 6.76) than the NEC group (M
=3.17, SD = 6.80; t(13) = 8.074 , p < 0.0001), and the TEC
group (M =4.43, SD = 5.74; t(14) = 8.62 , p < 0.0001). The
TEC group did not have significantly different CAPS scores
than the NEC group (t(24) = 2.01). LEC-5 scores ranged
from 2 to 30 (M = 12.78, SD = 7.97), and an ANOVA found
no significant differences in LEC-5 scores between groups,
F(2,19) = 1.431.

Hippocampal Function during Extinction Recall
We did not observe a significant relationship between hip-
pocampal activity and expectancy ratings (n(25) = 0.016)
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Figure 5. Trend towards a negative relationship between hip-
pocampal activity during CS+E and LEC-5 scores in all par-
ticipants (p < 0.064 FWE SVC). 5a. Sagittal view of the brain 5b.
Coronal view of the brain. 5c. Ventral view of the brain. 5d. Scale
indicating strength of relationship.

Figure 6. Significant negative relationship between hippocam-
pal activity during CS+E and CAPS scores in participants with
PTSD (p < 0.034 FWE SVC). 6a. Sagittal view of the brain 6b.
Coronal view of the brain. 6¢. Ventral view of the brain. 6d. Scale
indicating strength of relationship.

during ER. There was a significant positive relationship be-
tween CAPS scores and expectancy ratings (r (16) = 0.677,
p = 0.008; Figure 2), and between LEC-5 scores and expec-
tancy ratings (r (16) = 0.656, p = 0.025; Figure 3).

When participants were presented with the CS+ in the
safe context (CS+E), there was a trend toward significant
and negative relationships between hippocampal activity
and CAPS scores (p < 0.063 FWE SVC; 24, -13, -22; Figure
4), and hippocampal activity and LEC-5 scores (p < 0.064
FWE SVC; 24, -13, -22; Figure 5). When examining only
participants with PTSD, the negative relationship between
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hippocampal activity during CS+E trials and CAPS scores
was significant (p < 0.034 FWE SVC; peak voxel 27, -7, -25;
Figure 6).

DISCUSSION

The purpose of this study was to examine relationships be-
tween hippocampal activation during ER, stressful event ex-
posure, PTSS severity, and ER performance. We predicted
that ER performance would be positively related to hippo-
campal activation and negatively related to stress exposure
and PTSS severity. Additionally, we hypothesized that there
would be negative relationships between hippocampal acti-
vation during ER and (1) stressful event exposure, and (2)
PTSS severity.

During ER, participants were only exposed to the condi-
tioned stimulus in the “safe” context (Figure 1). Our results
found no significant relationships between expectancy rat-
ings and hippocampal activation during ER, which is incon-
sistent with previous findings (Milad et. al., 2009). It is pos-
sible that there are other factors moderating this relationship
that have not been identified. Additionally, it is possible that
as our sample size increases, we will see a similar relation-
ship as described in previous research.

The relationship between CAPS-5 scores and expec-
tancy ratings, such that greater PTSS severity was asso-
ciated with higher expectancy ratings (poorer performance/
less safety memory), suggests that people with less severe
PTSS demonstrate better ER. These relationships were
seen across all participants, highlighting ways in which sub-
clinical symptoms may still be related to differences in fear
learning and extinction. The relationship between LEC-5
scores and ER performance was also negative, such that
exposure to more types of stressful events was associated
with poorer ER performance. This finding builds upon prior
studies examining ER performance and stress exposure
in animals (Cowan et al., 2013; Chocyk et al., 2014), and
points to a similar relationship in humans. The relationship
between LEC-5 scores and task performance was also pres-
ent across all participants, and not all the events participants
reported through the LEC-5 were considered criterion-A
traumas (American Psychiatric Association, 2013). This in-
dicates that the relationship between safety memory and
stressful event exposure is present across diagnosis and
trauma-exposure, and that increased exposure to stressful
events, not only traumatic events, is related to poorer safety
memory.

In addition to the relationships between LEC-5, CAPS,
and task performance, we also examined the relationships
between LEC-5, CAPS, and hippocampal activity during ER.
When considering the sample as a whole, there was an over-
all trend toward negative relationships between hippocam-
pal activation and both LEC-5 and CAPS scores, suggest-
ing that more PTSS and stressful event exposure were both
associated with less activation in the hippocampus. While
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these findings did not survive correction, their presence in
a small sample indicates that these relationships may be
significant with further data collection. Additionally, these
relationships may suggest that subclinical PTSD symptoms
and exposure to stressful events by healthy individuals (re-
gardless of whether the stressful events meet criterion-A),
may be connected to differences in safety memory. When
examining only the group with PTSD, the negative relation-
ship between CAPS scores and hippocampal activity was
significant. This indicates that within those who have PTSD,
people with more severe symptoms display less hippocam-
pal activity when attempting to recall prior safety learning.
PTSD symptoms and reactions to stressful and/or traumatic
events are on a continuum (Suri and Vaidya, 2015; Luoni et.
al., 2018), and our findings suggest that stress and trauma
exposure is associated with differences in safety memory
across the spectrum of individuals with and without PTSD.
Limitations and Future Directions

There were several limitations of this study that should be
considered when interpreting our findings. The sample size
was small and replication of these results with a larger sam-
ple is needed. Across all participants, the relationship be-
tween CAPS scores and hippocampal activity was trending
toward significance. It is possible that further recruitment will
allow for a greater variation in CAPS scores, providing us
with the statistical power to detect any relationship between
symptoms and hippocampal activity during ER that may be
present, regardless of diagnosis or trauma exposure. Our
hypotheses and neural activation analyses were limited to
the hippocampus, so we cannot say if there were other re-
gions involved in ER that may relate to stress exposure or
PTSD symptoms. Investigating relationships between stress
and other brain regions could help to further understand
neural differences associated with trauma-exposure and/
or PTSD diagnosis. Additionally, the LEC-5 measure spe-
cifically looks at the number of types of stressful events to
which someone has been exposed, not how many total life-
time stressful events someone has experienced. Using a dif-
ferent measure, such as the Life Stressor Checklist (LSC-R)
(Wolfe et al., 1997), which assesses total number of stress-
ful events, could help to examine the relationship between
total stressful event exposure and hippocampal activation
during ER in future work. Finally, future studies should use
longitudinal designs to examine how the relationships be-
tween stress exposure/PTSS and hippocampal activity may
look different as levels of stress exposure and the severity of
PTSS change. Understanding how these relationships look
longer-term in both healthy and clinical populations allows
us to better comprehend the nature of these relationships
and any potential translational clinical applications.

Our results demonstrate the importance of looking at
PTSS on a continuum, as there are differences in hippocam-
pal activity and fear learning performance related to stress
exposure and PTSS even in healthy participants. Our find-
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ings surrounding the negative relationship between PTSS
severity and hippocampal activity point to neural differences
related to symptoms experienced following stressful events.
This relationship implies that these relationships are pres-
ent even in those who are experiencing PTSS below the di-
agnostic threshold. This finding may point to the need for
broader access to care for those who do not meet the full
criteria for PTSD but are experiencing symptoms related to
stressful event exposure. Overall, our findings highlight the
need for further research including individuals with and with-
out both trauma exposure and PTSD diagnosis when con-
sidering stressful event exposure and symptoms in relation
to memory and neural function. Trauma exposure and PTSD
symptoms are on a continuum, rather than neatly falling into
different categories (Luoni et. al., 2018; Suri and Vaidya,
2015). It is important that we recognize this and consider the
relationships between all levels of these continuums, neural
function, and safety memory.
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