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Abstract

Post-traumatic stress disorder (PTSD) is presumably the result of life threats and conditioned fear. However, the neurobiol-
ogy of fear fails to explain the impact of traumas that do not entail threats. Neuronal function, assessed as glucose metabol-
ism with ®fluoro-deoxyglucose positron emission tomography, was contrasted in active duty, treatment-seeking US Army
Soldiers with PTSD endorsing either danger- (n=19) or non-danger-based (n = 26) traumas, and was compared with soldiers
without PTSD (Combat Controls, n = 26) and Civilian Controls (n = 24). Prior meta-analyses of regions associated with fear or
trauma script imagery in PTSD were used to compare glucose metabolism across groups. Danger-based traumas were asso-
ciated with higher metabolism in the right amygdala than the control groups, while non-danger-based traumas associated
with heightened precuneus metabolism relative to the danger group. In the danger group, PTSD severity was associated
with higher metabolism in precuneus and dorsal anterior cingulate and lower metabolism in left amygdala (R?=0.61). In the
non-danger group, PTSD symptom severity was associated with higher precuneus metabolism and lower right amygdala me-
tabolism (R?=0.64). These findings suggest a biological basis to consider subtyping PTSD according to the nature of the trau-
matic context.
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Introduction

2000). As a result, a good deal of PTSD research has focused on
Post-traumatic stress disorder (PTSD) is putatively linked to elucidating parameters of fear reactivity. However, in many
peritraumatic fear arising from life-threatening trauma (APA, traumatic contexts peritraumatic fear is not present, nor is life
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threat the most distressing or haunting experience, even in
danger contexts (Stein et al., 2012). Indeed many stressors, espe-
cially those involving human maliciousness, are traumatizing
not because of life threat or danger, but because the experience
is an insult to personal and shared morality or entails violent
loss of life (Green, 1996; Cloitre et al., 2009; Litz et al., 2009, Neria
and Litz, 2004). In these contexts, individuals do not report in-
tense peritraumatic fear, and there may be no personal harm or
threat. Rather, individuals who develop PTSD following non-
danger-based harms report intense feelings of disgust, anguish,
guilt, shame or sadness. Currently, studies of the pathophysi-
ology of PTSD aggregate these danger- and non-danger-based
traumatic events, which is problematic in brain studies of post-
traumatic adaptation because of evidence that sadness, grief,
guilt or shame engage different neural systems than threat-
based, conditioned reactions (Freed et al., 2009; Basile et al.,
2011;).

Neuroimaging in PTSD has largely focused on in-scanner
tasks designed to identify brain responses to fearful stimuli.
Some tasks are structured to elicit passive emotion identifica-
tion/recognition (e.g. brief exposure to fearful faces), while
others entail longer periods of processing traumatic stimuli (e.g.
script imagery). Studies that employ brief fearful triggers yield
findings that center in fear circuitry, namely the amygdalae,
hippocampi, insula, anterior cingulate and medial prefrontal
cortex (Pitman et al., 1989; Felmingham et al., 2009, 2010; Fonzo
et al., 2010; Simmons et al., 2011; Cisler et al., 2013; Killgore et al.,
2014). In contrast, coordinate-based meta-analyses of studies
employing personalized trauma scripts or symptom provoca-
tion implicate hyperactivity of precuneus and cingulate regions
(Etkin and Wager, 2007; Patel et al., 2012; Ramage et al.,, 2012;
Zhang and Li, 2012). These regions are associated with autobio-
graphical memory (Spreng et al., 2009), guilt (Basile et al., 2011)
and moral cognition (Bzdok et al., 2012) and are not within fear
circuitry but are functionally interconnected with it (Ramage
et al., 2012; Brown et al., 2014a). This disparity in task-related
brain activity has led some to hypothesize that activity in fear
circuitry may be a non-specific common pathway in anxiety
disorders. By contrast, it is thought that activity in medial fron-
tal, cingulate and parietal cortex reflects deficits in emotion
regulation or modulation in PTSD (Etkin and Wager, 2007; Duval
etal., 2015).

The meta-analytic findings suggest that fear circuitry activa-
tion is minimal or absent when individuals with PTSD process
trauma memories. However, it is difficult to draw inferences
from these meta-analyses because highly divergent trauma
types were evaluated between studies (Shin et al.,, 1999; Lanius
et al., 2004; Morey et al., 2008). It could be that the studies failed
to show activity in fear circuits because the events did not re-
flect fear-based harms. Disaggregating trauma type and princi-
pal harms may show that fear circuitry is differentially engaged
by danger-based relative to non-danger-based traumatic events.

The evaluation of task-based brain activity in PTSD may
limit external validity because results are constrained to spe-
cific experimental parameters, which have most often been
fear-based. While informative, these paradigmatic biases are
considerably reduced when resting-state is examined because it
is task and stimulus independent. *®Fluoro-deoxyglucose posi-
tron emission tomography (**fDG PET) indexes the brain’s con-
sumption of glucose (CMRglu) as a proxy of neuronal activity. A
handful of *®FDG PET studies in PTSD report conflicting findings
in CMRglu across parietal, occipital, temporal, cingulate, hippo-
campus and amygdalae (Bremner, 1997; Shin et al., 2009; Molina
et al., 2010; Kim et al., 2012; Petrie et al., 2014) relative to trauma-
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exposed or non-trauma-exposed controls; likely because they
were conducted with small sample sizes, varied widely in time
since onset of PTSD, and did not consider the heterogeneity of
trauma exposures.

In this study, we explored whether trauma type results in
differing effects on brain function, using treatment-seeking US
Army Soldiers with PTSD. Participants were sorted into danger-
and non-danger groups based on the content of self-reported
scripts of the worst and most distressing trauma using a modifi-
cation of the Stein (Stein et al., 2012) categorization (Table 1).
8FDG PET images were analyzed to identify group differences
in neuronal activity. We also examined the association between
the severity of PTSD, comorbid depression and anxiety symp-
toms, and neuronal activity in each group. We hypothesized
that soldiers with danger-based traumas would manifest
greater resting neuronal activity in brain regions involved in
heightened fear or hyperarousal (amygdalae), possibly indicat-
ing nascent defensive states, whereas non-danger-based trau-
mas would be associated with brain regions involved in
emotion regulation (rostral or dorsal anterior cingulate cortex—
dACG; cf. Admon et al., 2013). We tested our hypotheses using a
priori region of interest (ROI) analyses of brain regions most
commonly active under fear-based conditions or uniquely
implicated in PTSD during trauma script imagery.

Methods

This study was conducted at the Carl R. Darnall Army Medical
Center at Fort Hood, Texas, and at The University of Texas
Health Science Center at San Antonio (UTHSCSA) as part of the
South Texas Research Organizational Network Guiding Studies
on Trauma and Resilience (STRONG STAR) consortium. The
study was approved by the Institutional Review Boards at
Brooke Army Medical Center, UTHSCSA and the VA Boston
Healthcare System and by the Human Research Protection
Office at Fort Detrick, Maryland. Participants were recruited

Table 1. Modified coding system for classification of trauma script

Category Description

1 Danger Life Threat to Self—Personal: Exposure to the threat
of death or actual threatened serious injury
Life Threat to Other—Personal: Exposure to the actual
or threatened death of others
2 Non-Danger Aftermath of Violence—Personal: Exposure to gro-
tesque or haunting images, sounds, or smells of
dead or severely injured humans or animals
Traumatic Loss—Witnessed or Learned About: e.g.
death of a family member, friend, or unit
member
Moral Injury by Self: Committing an act that is per-
ceived to be a gross violation of moral or ethical
standards (e.g. killing or injuring others, rape,
atrocities). A service member who nearly com-
mitted these acts could also experience moral
injury
Moral Injury by Others: Witnessing or being the vic-
tim of an act that is perceived to be a gross viola-
tion of moral or ethical standards (e.g. killing or
injuring others, rape, atrocities, betrayal). Events
can also be indirectly experienced (i.e. learned
about) if they are directly relevant to the
individual
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from a larger study of active duty service members seeking
PTSD treatment after deployments in support of Operations
Enduring Freedom, Iragi Freedom and New Dawn (PI: Resick).
Treatment study participants were invited to participate in the
neuroimaging study, which was optional and did not affect
treatment participation. Two control groups were also recruited:
Combat Controls recruited from Fort Hood and Civilian Controls
without prior military service. After potential participants heard
complete study description, written informed consent was
obtained.

Participants

Participants were male, 18+ years and English speakers. They
were screened for presence of metal in the body, previous pene-
trating head injuries, prior neurosurgical procedures or history
of neurological disorders. Combat control participants were not
undergoing a military Medical Evaluation Board. Civilian control
participants were not taking psychoactive medications and did
not meet DSM-IV-TR criteria for any Axis 1 disorder.

Participants were diagnosed with the PTSD Symptom Scale -
Interview Version (Foa et al, 1993). The Mini International
Neuropsychiatric Interview (Lecrubier et al., 1997) was adminis-
tered to assess comorbidities in PTSD and Combat Control par-
ticipants and to rule out Axis I disorders in the Civilian Controls.
PTSD symptoms and severity were assessed using the PTSD
Checklist - Stressor Specific (PCL-S, Weathers et al., 1996) in all
of the groups. PTSD subjects completed the Cognitive Emotion
Regulation Questionnaire (CERQ, Garnefski and Kraaij 2006) as
well as war-zone and life-span stressor exposure question-
naires (DRRI, King et al,, 2006) and the Life Events Checklist
(Gray et al., 2004). The Beck Depression Inventory-II (BDI-II, Beck
et al., 1996) and Beck Anxiety Inventory (BAI, Epstein et al., 1988)
were used to evaluate comorbid depression and anxiety symp-
toms, respectively.

Trauma script-based trauma-type acquisition

To disaggregate the nature of principal war-zone Criterion-A
events, detailed self-reports of each participant’s ‘worst’ and
most currently distressing trauma were acquired as trauma
scripts. Participants were instructed to imagine being in the
traumatic situation and to identify physical sensations or feel-
ings experienced, people present, activities and to describe their
surroundings (Pitman et al., 1989). Study staff verified script de-
tails with the participant.

Trauma script coding procedures. Coding categories from Litz and
colleagues (Stein et al.,, 2012) were used to classify each script
(Table 1). An independent sample of cases was used to train
coders (inter-rater reliability 0.755-0.847). Consensus was estab-
lished when discrepancies arose such that coders had 100%
agreement on the Danger and Non-Danger categories.

Table 2. Fear and script imagery meta-analyses coordinates
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Image acquisition

The PET session included: a 10-min transmission scan using a
8Ge/*®Ga rod source for attenuation correction of the emission
scan, and a 20-min emission scan following intravenous admin-
istration of 185-370 mBq (~5 mCi) of *®FDG with a 30-min uptake
period during which participants rested with eyes closed in a
darkened room. Images were reconstructed by filtered back pro-
jection resulting in a single PET scan with average emission per
voxel. Images were filtered again with a Gaussian kernel to a
full width at half maximum of 7 mm isotropic and value nor-
malized to a whole-brain mean value of 1000 PET counts, thus
correcting for global differences in glucose metabolism across
participants. PET counts and '®FDG uptake are linearly corre-
lated (Reivich et al., 1977); therefore, images were not converted
to standard uptake values.

A high-resolution T1-weighted whole-brain MRI scan was
obtained for each subject. Image parameters were: time to re-
covery (TR) 2200ms; echo time (TE) 2.83ms; flip angle 13° for
0.8mm? voxels. T1-weighted images were used to visually as-
sess brain structure integrity and for spatial normalization of
the *®FDG PET images.

Image spatial normalization

PET images were coregistered to the corresponding MRI with
the anterior commissure as the origin, the midsagittal plane as
the y-z plane, and in the dimension of the MNI atlas using
Statistical Parametric Mapping 8 (SPM8) software (http://www.
filion.ucl.ac.uk/spm). Normalization was estimated using nor-
malized mutual information between the PET images and the
MNI template. The images were resliced using trilinear interpol-
ation, preserving concentrations of intensity from the original
images and finally smoothed with an 8-mm Gaussian filter.

ROI analysis

A coordinate-based meta-analysis was conducted to identify
brain regions most commonly activated under a condition of
fear. Details of the experiments included in the analysis are
given in Supplemental Materials. The analysis identified the
bilateral amygdalae and right rostral anterior cingulate
(Brodmann Area 32) as most probable to activate given fearful
stimuli (Table 2). Also included in the analyses were ROIs found
previously (Etkin and Wager, 2007; Ramage et al., 2012) to be
activated in PTSD subjects, relative to controls, during traumatic
script imagery—the dorsal anterior cingulate cortex, left poster-
ior cingulate cortex and left precuneus.

PET data were sampled by extracting the peak-level voxel
within an 8-mm sphere around the coordinates derived from
the above meta-analyses for each subject (Table 2). CMRglu for
these ROIs were contrasted in SPSS (version 21.0) using the gen-
eral linear model function for group effects with post-hoc

Brain region Volume (mm?) X Y z ALE (x107?) Meta-analysis
Right rostral anterior cingulate cortex 7616 4 50 -4 5.03 Fear
Right amygdala 2368 26 -6 -18 3.19 Fear
Left amygdala 19 072 -26 -2 -20 5.14 Fear
Right dACC 2112 4 18 32 3.49 Trauma Script
IPcun 128 -3 —60 28 1.89 Trauma Script
IPCC 448 -1 —46 9 2.27 Trauma Script



http://www.fil.ion.ucl.ac.uk/spm
http://www.fil.ion.ucl.ac.uk/spm
http://scan.oxfordjournals.org/lookup/suppl/doi:10.1093/scan/nsv102/-/DC1

Table 3. Group demographics

A.E.Ramageetal. | 237

Danger Non-Danger Combat control Civilian control
N or Mean N or Mean N or Mean N or Mean
N 19 26 26 24
Age 37+8 317 36+9 34+11
Handedness (right:left:ambidextrous) 19:0:1 26:0:0 24:1:1
Number of comorbidities per participant 31%2 34=+2 0.2+0.5 0
Agoraphobia 14 24 0 0
Major depressive disorder 14 21 0 0
Panic disorder 13 16 0 0
Alcohol dependence 7 8 5 0
Generalized anxiety disorder 1 6 1 0
Obsessive compulsive disorder 4 9 0 0
Bipolar disorder 5 6 0 0
Other substance dependence (lifetime, not current) 3 0 0 0
Social phobia 2 7 0 0
Pain disorder 2 2 0 0
Specific phobia 1 0 0 0
Delusional disorder 1 0 0 0
Eating disorder 0 0 0 0
Medications
Antidepressants 12 10 0 0
Anxiolytics 4 4 0 0
Antipsychotics 7 1 0 0
Anticonvulsants® 4 3 0 0
Sympatholytics 2 3 0 0
Opioids 4 6 1 0
Benzodiazepine 0 0 0 0
Sedatives 9 7 3 0
Stimulants 0 2 0 0
BDI-II* 2812 26.3+12 23x4 16=2
BAI® 2312 25+14 1.8%2 19=x2
PCL-S* 54 +17 56+ 11 202+4 195*+4

2P < 0.05, PTSD > Controls.

*The anticonvulsant/neurepileptic medications Topiramate and Gabapentin were prescribed for treatment of headaches in all cases.

pairwise comparisons, Bonferroni corrected and linear regres-
sion was used to determine variables predictive of PCL-S scores.

Analytic plan

Analyses identified CMRglu differences between PTSD and
Controls, between all groups and specifically between danger-
and non-danger-based PTSD. To validate that regional CMRglu
in each group was associated with PTSD symptom severity,
within-group analyses regressed PCL-S by CMRglu in the ROIs,
controlling for comorbid symptoms, namely, BDI-II and BAI
scores.

Results
Participant and group demographics

Male service members seeking PTSD treatment (N=45) were
sorted into Danger (n=19) and Non-Danger (n=26) groups.
Control groups included 26 previously deployed service mem-
bers without PTSD (Combat Control) and 24 Civilian Controls
without PTSD (Table 3).

PTSD participants reported higher PTSD symptom severity
(PCL-S,F1,0, =490, P <0.0001), depression (F19, =195, P<0.0001)
and anxiety (F;93=131, P<0.0001) than those without PTSD.
The Danger group was older than the Non-Danger group
(F143=8.6, P=0.005) but otherwise well matched on

demographic variables. The Non-Danger group reported higher
scores on the DRRI Aftermath-of-Battle (F; 4o =5.5, P=0.024) and
the CERQ Self-Blame sub-scale (F;43=9, P=0.004) than the
Danger group.

CMRglu: PTSD groups vus controls groups

The collapsed event-type groups (all PTSD participants) had
higher CMRglu in the right amygdala (F;,9, =4.5, P=0.036), rela-
tive to each control group. There were no differences in the
other ROIs.

CMRglu: trauma type groups

Right amygdala CMRglu was higher in the Danger group, rela-
tive to the Combat and Civilian Control groups (F3g0=3.9,
P=0.012). The Combat and Civilian control groups did not differ
significantly from each other in any of the ROIs. Right amygdala
CMRglu was not different between the two PTSD groups
(F142=3.2, P=0.08), however, the Danger group had signifi-
cantly lower CMRglu in the left precuneus (F;4, =4.9, P=0.033;
Figure 1) than the Non-Danger group.

CMRglu associations with PTSD symptom severity

In the Danger group, lower CMRglu in the left amygdala
(8=-0.38, P=0.033), and higher CMRglu in the left precuneus
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Fig. 1. Group differences in CMRglu within the ROI. ROIs involved in fear processing (red) included the left (A) and right (B) amygdala and the rostral anterior cingulate
cortex (E). ROIs involved in trauma script imagery (blue) included the dorsal anterior cingulate cortex (C), precuneus (D) and posterior cingulate cortex (F). CMRglu dif-
fered significantly between the Danger and both control groups in the right amygdala (B) and the Non-Danger and Danger groups in the left precuneus (D). *P < 0.05.

Bars represent +2 standard error.

(8=0.67, P=0.001) and dorsal anterior cingulate cortex (=0.42,
P=0.025) predicted PCL-S scores (overall model fit R>=0.61),
controlling for comorbid symptoms. For the Non-Danger group,
lower CMRglu in the right amygdala (8= —0.44, P=0.003), higher
CMRglu in the precuneus (f=0.43, P=0.003) and BAI scores
(#=0.52, P=0.001) predicted PCL-S scores (overall model fit
R?=0.64). Finally, although the range of PCL-S scores was low in
the Combat Control group, in this group PTSD symptom severity
was predicted by BDI-II (§=0.53, P=0.003) and CMRglu in the
dorsal anterior cingulate (8=0.38, P=0.025) with an overall
model fit of R? =0.42 (Figure 2).

Conclusions

Individuals with PTSD are haunted by memories of traumatic
events, but the nature of the events and context differ consider-
ably between individuals. This is especially true for complex
traumatic stressors occurring in sustained malicious environ-
ments such as war-zones. In these contexts, many PTSD pa-
tients do not endorse threat-based events as their primary
trauma (67% in this study) and many do not report peritrau-
matic fear. Contrary to the prevailing model in PTSD, life-
threatening danger is not necessarily the worst or most

currently distressing experience predominating the thoughts
and feelings of patients with PTSD.

Our '®FDG PET data identified brain regions that differ in ser-
vice members with PTSD resulting from danger vs non-danger-
based harms. Those reporting danger-based traumas had
higher resting neuronal activity in the right amygdala relative
to the Combat and Civilian Control groups. Elevated CMRglu in
the amygdalae may represent a trait marker of susceptibility to
develop PTSD (Admon et al.,, 2013), or it may be a state marker
resulting from danger-based trauma, stressful life events, cur-
rent life stressors or it may reflect a pre-potent vigilance. It is
possible that the methods employed in this study, namely lying
in a dark room with eyes closed for the ®FDG uptake period,
may have elicited a fear-based defensive state that is particu-
larly evident in the Danger group.

The relationships between amygdalae CMRglu and PTSD se-
verity differed between groups. This difference was most par-
ticularly evident in regard to laterality. Specifically, although
the Danger group had higher CMRglu amygdalae activity than
the Control groups, PTSD symptom severity was associated
with lower left amygdala CMRglu. By contrast, in the Non-
Danger group, lower right amygdala CMRglu was associated
with higher PCL-S scores. Unfortunately, it is difficult to con-
textualize these findings because laterality of findings in
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amygdalae structure and function in PTSD is highly variable
across studies (Rogers et al., 2009; Woon and Hedges 2009; Kuo
et al., 2012). Further, findings in the amygdalae do not always re-
late to PTSD severity (Koren et al., 2005) and may be attributable
to early life stress (Corbo et al., 2014), although this finding has
not been replicated (Kuo et al., 2012). The PTSD symptom associ-
ation results may indicate that variation in the amygdalae is a
marker of vulnerability to PTSD and possibly more generally to
anxiety disorders (Admon et al, 2013; Duval et al, 2015). In
healthy subjects, the left and right amygdalae have slightly dif-
ferent structural and functional connections with other brain
regions (Robinson et al., 2009), particularly with medial pre-
frontal and cingulate cortex. Our findings suggest that PTSD
symptoms are differentially linked with divergent amygdalae
anomalies in Danger and Non-Danger-based traumas.

The left precuneus also differed by trauma type, with lower
CMRglu in the Danger relative to the Non-Danger group, and
resting activity in this region was associated with PTSD symp-
tom severity in both trauma types. Precuneus metabolism at
rest is associated with the default mode network (Tomasi and
Volkow, 2011; Jann et al., 2015), a network that demonstrates
heightened cohesive brain activity during rest. The precuneus is
also known to be involved in task conditions using self-referen-
tial information (Sajonz et al., 2010). It may be that non-danger-
based war-zone harms lead to higher resting neuronal activity
in this region because of greater introspection and moral cogni-
tion (Bzdok et al., 2012). CMRglu in the IPcun was also associated
with symptoms of comorbid anxiety, reports of the cognitions
related to blaming others, and with the intensity of the combat
stressor exposure in the Danger group (Supplementary Table 1).
The latter suggests that the Danger group’s neuronal activity in
the left precuneus, while on average being significantly lower

than that seen in the Non-Danger group, may be as relevant to
the nature of comorbid anxiety, intrusive thoughts about blame
and the extent of exposure to varied war-zone events.

Dorsal anterior cingulate CMRglu did not differ between the
groups, but was predictive of PTSD symptom severity in the
Danger and Combat Control groups. Previous findings in the
dorsal anterior cingulate cortex have demonstrated alterations
in function and structure in PTSD (Shin et al., 2007; Woodward
et al,, 2009), particularly regarding its functional connectivity
with the amygdala (Cisler et al, 2013; Brown et al., 2014b).
Function and structure in this region may relay familial risk
(Shin et al., 2011) or pre-disposition for PTSD (Admon et al., 2013;
Duval et al., 2015). Dorsal anterior cingulate cortex appears to be
selectively vulnerable to the effects of stress as well as to
chronic pain states (Vogt et al.,, 2003), suggesting it may play a
role in allostasis. Specific to stress, higher resting metabolic ac-
tivity in this region is a candidate familial risk factor for future
development of PTSD (Shin et al., 2009). Our data do not clarify
the role of the dorsal anterior cingulate, but its relevance to
symptoms only in the Danger and Combat Control groups may
highlight its importance in sensitivity to stress that is non-
specific to PTSD.

It is important to point out that the Non-Danger group was
comprised of service members with PTSD who endorsed expos-
ure to two types of non-danger-based war-zone trauma, namely
traumatic loss and various moral transgressions. This could ex-
plain the fact that the Danger group had altered fear-related
brain activity, and in turn, the Non-Danger group had altered
brain activity in regions not specific to fear and possibly also
not specific to PTSD, as neuronal activity in the precuneus, for
example, is also aberrant in psychopathology and neurodege-
nerative disorder (Menon 2011; Roffman et al., 2014). Moreover,
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anxiety was a strong predictor of PTSD symptoms in the Non-
Danger group. The reason for this unexpected finding is uncer-
tain. One possibility is that anxiety symptoms were present
prior to deployment (six Non-Danger participants, but only one
Danger participant, met criteria for current or lifetime general-
ized anxiety disorder), suggesting it may be a pre-disposing risk
factor. Alternatively, because survivor guilt from war-zone loss
and shame from war-related moral transgressions are distin-
guished from life-threat dangers in part because they entail real
or internalized threats to social esteem and acceptance (Litz
et al.,, 2009), although speculative, reports of anxiety may be a
proxy for these fears in non-danger-based traumas.

In summary, our findings implicate neural markers for
“subtypes” of PTSD. Although it was not surprising to find ele-
vated neuronal activity in fear-related brain regions in PTSD,
it is critical to note that it was only seen in the group reporting
danger-based traumas, which made up less than half of this
sample. And, although the Non-Danger group demonstrated
higher neuronal activity in the left precuneus, the finding
common in both PTSD groups was that precuneus activity
positively predicted symptom severity. The mechanisms for
how these differences arise and whether or not they provide
insight into resilience to, or recovery from, distinct war-zone
harms and PTSD are unclear and warrant further
investigation.

Limitations

The external validity of these findings may be limited to
service members seeking treatment for PTSD. Some participants
were taking psychotropic medications or had comorbid dis-
orders, factors that could alter glucose metabolism in various
brain regions. Most of these confounds were equally distributed
across the Danger- and Non-Danger-based PTSD groups and, if
anything, may have increased the statistical error, limiting our
ability to detect significant effects. However, considerably more
participants in the Danger group (n=7) were taking antipsych-
otic medications than Non-Danger participants (n=1).
Consequently, as a post-hoc analysis, we removed all eight
cases from the analyses to explore whether this altered the re-
sults. The findings pertaining to the Danger and Non-Danger
groups remained statistically equivalent in terms of PTSD, de-
pression and anxiety scores. However, the right amygdala
CMRglu in the Danger group was only marginally higher relative
to the control groups (F3g»=2.5, P=0.06), which may be the
result of reduced power (observed power was 0.81 in the full
sample, 0.61 with those eight subjects removed). However,
the finding of reduced left precuneus CMRglu in the Danger
relative to the Non-Danger group was no longer significant
(F134=2.7, P=0.11). This suggests that use of antipsychotic
medications may have reduced neuronal activity in this
region for participants in the Danger group. Future research is
needed to determine the role of anti-psychotic medications,
and the comorbidities for which they are prescribed, in the
neurobiology of PTSD among individuals exposed to danger-
based traumas.
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