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Abstract

Adverse childhood experiences (ACEs) potentially contribute to posttraumatic stress disorder
(PTSD) after adult trauma exposure, but underlying brain changes remain unclear. The present
study tested relationships between ACEs, whole thalamus and thalamic nuclei volumes, and
post-trauma stress symptoms (PTSS) after adult trauma. Trauma survivors (h=101) completed the
Childhood Trauma Questionnaire (CTQ), the PTSD checklist-special stressor version 5 (PCL), and
a structural magnetic resonance imaging (SMRI) scan within post-trauma 2 weeks. At post-trauma
3 months, survivors completed a second PCL survey and a PTSD diagnosis interview using the
Clinician-Administered PTSD Scale (CAPS). CTQ scores significantly positively correlated with
PCL scores at post-trauma 2 weeks and 3 months (respective p’s < 0.01 and < 0.001). CTQ scores
significantly negatively correlated with whole thalamus and 7 thalamic nuclei volumes at post-
trauma 2 weeks in the PTSD (N=50), but not the non-PTSD (N=51) group. Whole thalamus and
22 nuclei volumes significantly negatively correlated with PCL scores at post-trauma 3 months in
the PTSD, but not the non-PTSD group. These results suggest ACEs negatively influence early
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post-trauma thalamic volumes which, in turn, are negatively associated with PTSS in survivors
who develop PTSD.

Keywords

Magnetic resonance imaging; the Childhood Trauma Questionnaire; the PTSD checklist-special
stressor; FreeSurfer

1. Introduction

Posttraumatic stress disorder (PTSD) is a debilitating condition characterized by post-
traumatic stress symptoms (PTSS) that persist for more than one month after trauma
(Calhoun et al., 2012; Jorge, 2015). About 7% of Americans suffer from PTSD at some
point in their lives; consequently, PTSD is considered to have a major impact on public
health (Kessler and Wang, 2008). The factors and brain changes that contribute to PTSD
development after an adult traumatic event remain largely unknown.

Relationships between PTSS and organization of brain structure have been a focus of
previous work (Bremner, 2006; Xie et al., 2018). The thalamus is a large diencephalic
structure composed of heterogeneous nuclei that contribute to diverse functions including
sensation, cognition, memory, and fear processing (Beas et al., 2018; Bergmann, 2008;
LeDoux, 1986; Penzo et al., 2015; Steriade and Llinas, 1988). In general, alterations in

the thalamus have been linked to a range of stress-related processing changes, including
incorrect integration of trauma-related sensory inputs (Brewin, 2001), inappropriate attention
processing (Suvak and Barrett, 2011), and over-consolidation of traumatic memory (Brewin,
2001; Suvak and Barrett, 2011).

PTSS have been shown to be associated with functional changes in the thalamus (Yan et

al., 2013; Yin et al., 2011). In addition, thalamic structural alterations have been reported in
chronic PTSD patients. One sMRI study has reported gray matter atrophy in the thalamus
was significantly greater in chronic PTSD patients than controls (Cardenas et al., 2011).
Trauma-related re-experiencing symptoms also negatively correlated with thalamus volumes
in chronic PTSD patients (Shucard et al., 2012). The above findings on thalamic structure
focus on chronic effects years after trauma. However, PTSS can emerge immediately after
trauma and brain structural effects can be seen during the early post-trauma period. For
example, we previously reported that hippocampal volumes are negatively associated with
PTSS from 2 weeks to subsequent months after trauma in survivors who develop PTSD
(Xie et al., 2018). Potential thalamic structural contributions to early PTSS and PTSD
development after acute trauma have received little attention. Interestingly, one recent study
reported that whole thalamus grey matter volume interacted with fear-potentiated startle at

2 weeks post trauma to predict PCL score 8 weeks later (Steuber et al., 2021). How these
results relate to early post-trauma PTSS severity remains unknown. Recent neuroimaging
studies also suggest thalamic nuclei volume changes are related to mental and neurological
disorders including psychosis, obsessive-compulsive disorder (OCD), migraine, and epilepsy
(Chen et al., 2021; Huang et al., 2020; Shin et al., 2019; Weeland et al., 2021). To our
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knowledge, no studies have assessed thalamic nuclei volume relationships to early post-
trauma PTSS or PTSD development.

It has been suggested that adverse childhood experiences (ACEs) may affect development of
brain structure which, in turn, may increase risk for PTSD after adult trauma. ACEs, which
affect 7-60% of children, include neglect and physical, emotional, or sexual abuse, (Gilbert
et al., 2009). ACEs have been linked to mental health problems, including PTSD, later in
life (Brewin et al., 2000; Kessler et al., 2010; McLaughlin et al., 2012; Nemeroff, 2016). For
example, 17-23% of young adults who experienced at least one type of ACE were diagnosed
with PTSD after trauma exposure later in adult life as compared to 10% of those without an
ACE history (Widom, 1999).

Structural changes in a range of cortical and subcortical structures including prefrontal
cortex, hippocampus, and amygdala have been reported in chronic PTSD patients with an
ACE history (Bremner et al., 1997; De Bellis et al., 2002; Evans et al., 2016; Hart and
Rubia, 2012). Few studies have focused on diencephalic structures, including the thalamus.
Children exposed to ACEs may have smaller thalamic volumes than children not exposed to
ACESs (Hanson et al., 2010). ACE effects on stress systems have been proposed to underlie
brain changes, impairment of stress responses, and vulnerability to PTSD (De Bellis and
Zisk, 2014). Whether or how ACEs influence thalamic volumes, stress responses, and PTSD
development in related ways at early times after adult trauma is unknown.

To investigate the potential associations between ACEs, subsequent early post-trauma whole
thalamus and thalamic nuclei volumes, and PTSS and PTSD development, the present study
tracked self-reported ACEs, and whole thalamus and thalamic nuclei volumes at 2 weeks,
PTSS at 2 weeks and 3 months, and PTSD diagnosis at 3 months after an adult trauma.

This provided original temporal analyses of potential linkages between early life ACEs,
subsequent early post-trauma thalamic volumes, and PTSS and PTSD development.

Methods and Materials

2.1 Subject enrollment

Adult subjects (18-60 years of age) who were admitted to the hospital Emergency
Department (ED) immediately following a traumatic experience were recruited within 48
hours after trauma. Traumatic experience included motor vehicle collision (MVC) (7= 53),
physical assault (/= 40), sexual assault (7= 7), or other trauma (/= 1). All subjects required
immediate medical treatment in the ED and were then discharged from the ED. Excluded
from the study were survivors who: 1) had severe injuries, i.e., Abbreviated Injury Scale
(AIS) > 2 (Gennarelli and Wodzin, 2006), requiring surgical procedures which precluded
MRI scanning within the planned time-frame, 2) experienced MVC with low pain (Numeric
Pain Rating Scale (NPRS) < 6) (Kahl and Cleland, 2005), 3) showed indications or history
of moderate or severe traumatic brain injury, 4) could not read and write English, 5)

were diagnosed with severe neurological, psychiatric, or mental problems, 6) were under
the influence of alcohol or other substances when the trauma happened, and/or 7) had
contraindications for MRI scans, e.g. pregnancy, claustrophobia, or ferrous materials within
body tissues. All studied survivors gave written informed consent. Consented subjects
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immediately completed the PTSD Checklist-Stressor Specific (PCL) for DSM-V to evaluate
post-trauma stress level (Blevins et al., 2015), and survivors who experienced high post-
trauma stress (PCL score > 28) were recruited. All study procedures were approved by the
Institutional Review Board of the University of Toledo.

2.2 Psychological assessments

At post-trauma 2 weeks, all survivors completed the 28-item self-report Childhood Trauma
Questionnaire (CTQ) for ACE assessment (Thombs et al., 2007), and self-report PCL
survey for PTSS severity. Total CTQ score was used for cumulative ACE assessment.

At post-trauma 3 months, survivors completed a second PCL survey as a follow-up

PTSS severity assessment; in addition, at this time survivors were also interviewed by

an experienced clinical psychologist for PTSD diagnosis using the Clinician-Administered
PTSD Scale (CAPS). Diagnosis of PTSD required at least 1 re-experiencing, 1 avoidance, 2
negative feelings, and 2 hyperarousal symptoms as specified by DSM-V criteria (American
Psychiatric Association, 2013). A diagnosis of partial PTSD required at least 1 symptom

in each of these symptom clusters. Partial PTSD was identified because partial PTSD

with impairment of social functioning often requires clinical intervention (Mylle and Maes,
2004).

2.3 sMRI acquisition, image processing and measures of whole thalamus and thalamic
nuclei volumes

Within 2 weeks after trauma, survivors were scanned using a 3T General Electric Signa HDx
MRI scanner (GE Healthcare, Chicago, IL, USA). High-resolution T1-weighted SMRI brain
images were obtained using a validated three-dimensional volume inversion recovery fast
spoiled gradient recall echo protocol (repetition time =7.9 ms, echo time = 3 ms, inversion
time = 650 ms, field of view = 25.6 x 25.6 cm, matrix = 256 x 256, slice thickness =1

mm, voxel dimensions = 1 x 1 x 1 mm, 164 contiguous axial slices) (Xie et al., 2018).
Reviews of SMRI images by a radiologist indicated no qualitative brain abnormalities. SMRI
images were processed using FreeSurfer version 6 (https://surfer.nmr.mgh.harvard.edu) and,
subsequently volume measures of whole thalamus and 25 thalamic nucleil on each side
were made using the automated thalamic nuclei segmentation function in FreeSurfer version
7.1 (https://freesurfer.net/fswiki/ThalamicNuclei) (Fischl, 2012; Iglesias et al., 2018). This
thalamic segmentation has been recently used in several studies examining thalamic nuclei
involvement in mental disorders (Chen et al., 2021; Jurng et al., 2021).

2.4 Statistical analyses

Univariate analyses were used to test for differences in CTQ and PCL scores at post-trauma
2 weeks and 3 months for PTSD vs non-PTSD. Effects of age and sex were adjusted in all
analyses. A one-way ANOVA test was used to compare age for the PTSD vs non-PTSD.
Sex (male/female) composition was compared using a Chi-Square test. Univariate analyses

Lanteroventral (AV), laterodorsal (LD), lateral posterior (LP), ventral anterior (\VA), ventral anterior magnocellular (VAmc), ventral
lateral anterior (VLa), ventral lateral posterior (VLp), ventral posterolateral (VPL), ventromedial (VM), central medial (CeM),
central lateral (CL), paracentral (Pc), centromedian (CM), parafascicular (Pf), paratenial (Pt), medial ventral reuniens (MV-re),
mediodorsal medial (MDm), mediodorsal lateral parvocellular (MDI), lateral geniculate (LGN), medial geniculate (MGN), limitans -
suprageniculate (L-SG), pulvinar anterior (PuA), pulvinar medial (PuM), pulvinar lateral (PuL), and pulvinar inferior (Pul)
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were used to test possible effects of trauma type on thalamic volumes for assault trauma
survivors (N=47: combined physical (N=40) and sexual assault (N=7) survivors) vs MVC
trauma survivors (N=53), controlling age and sex. Trauma type compositions in PTSD vs
non-PTSD groups were compared using a Chi-Square test.

Relationships between (a) CTQ scores vs PCL scores at post-trauma 2 weeks and 3 months,
(b) CTQ scores vs early post-trauma volumes of whole thalamus and thalamic nuclei,

and (c) volumes of whole thalamus and thalamic nuclei vs PCL scores at 2 weeks and 3
months were tested using partial correlations, with adjustments for age, sex, and intracranial
volume (ICV). False detection rate (FDR) was applied for multiple comparison correction

in thalamic nuclei analyses. Fisher r-to-z transform and correlation coefficient comparisons
were used to test for correlation differences between the PTSD vs non-PTSD groups.
Statistical analyses were conducted using SPSS version 26 (IBM Corp., Armonk, NY). Data
are reported as mean = standard deviation (SD), with p<0.05 as statistical significance.

3. Results

3.1 Behavior and brain measures

101 adult trauma survivors completed this longitudinal study. 50 survivors comprising the
PTSD group met full (A= 38) or partial (7= 12) PTSD diagnosis at 3 months. This included
23 MVC and 27 assault survivors. 51 survivors comprising the non-PTSD group did not
meet full or partial PTSD diagnosis at 3 months. This group had 30 MVC, 20 assault, and

1 other trauma survivors. There was no significant difference in PTSD diagnosis in MVC vs
assault survivors (XZ: 1.967, p=0.161). There was no significant trauma type effect on left
or right whole thalamus volumes (left: F=0.546, p=0.455; right: F=0.399, p=0.529), or on
interaction of trauma type x PTSD diagnosis on thalamus volume (left: F=0.024, p=0.876;
right: F=0.074, p=0.787). Consequently, to increase statistical test power, survivors with

all types of trauma were pooled in further analyses. PTSD vs non-PTSD groups did not
differ in age (respectively 32.4 £ 9.4 vs. 32.9 + 10.8 years, /= 0.057, P= 0.812) or sex
composition (respectively 36 female/14 male vs. 32 female/19 male, XZ: 0.983, P=0.321).
There were no significant differences in volumes of whole thalamus (Table 1) and thalamic
nuclei (Supplement Table 1) for the PTSD vs non-PTSD groups.

3.2 Associations between CTQ and PCL scores at post-trauma 2 weeks and 3 months

Mean (£ SD) CTQ scores, and PCL scores at post-trauma 2 weeks and 3 months, for all
survivors and for the PTSD and non-PTSD groups are reported in Table 1. CTQ scores did
not significantly differ for the PTSD vs non-PTSD groups (/= 0.319, P= 0.574). PCL scores
at both 2 weeks and 3 months after trauma were significantly higher in the PTSD group than
non-PTSD group (/= 6.906, p= 0.010 at 2 weeks; /= 27.482, p< 0.001 at 3 months, Table
1).

Across all survivors, CTQ scores were significantly positively correlated with PCL scores at
post-trauma 2 weeks (r= 0.258, p< 0.01, df= 97) and 3 months (= 0.345, p< 0.001, df=97)
(Figure 1). Further analysis revealed that CTQ scores were positively correlated with PCL
scores at 2 weeks and at 3 months in the PTSD group (2 weeks: r=0.306, p= 0.034, df= 46;
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3 months: r=0.288, p= 0.047, df= 46). In contrast, CTQ score was positively correlated with
PCL scores only at 3 months in the non-PTSD group (r= 0.440, p= 0.002, df= 47).

3.3 Associations between CTQ scores and volumes of whole thalamus and thalamic
nuclei at post-trauma 2 weeks

Across all survivors, CTQ scores were significantly negatively correlated with both left and
right whole thalamus volumes (left, /= -0.290, p= 0.004; right, /= —0.283, p= 0.005; df=
96). Further CTQ analysis of each group revealed that significant negative correlations with
left and right whole thalamus volumes held for the PTSD group (left, /= —0.441, p= 0.002;
right, /= —0.445, p= 0.002; df= 45), but not the non-PTSD group (left, /= -0.116, p= 0.432;
right 7= —-0.123, p= 0.405; df= 46) (Figure 2). Correlation coefficient comparisons for the
PTSD vs non-PTSD groups significantly differed for both left and right whole thalamus
volumes (left and right respectively: Z=-1.739, o= 0.041, and Z= -1.729, p= 0.042).

Relationships between CTQ scores and thalamic nuclei volumes were tested separately for
the PTSD and non-PTSD groups. In the PTSD group, after FDR correction, significant
negative correlations between CTQ and thalamic nuclei volumes were found for the
following 22 nuclei on both sides that spanned ventral (VPL, VLa, VLp, VA, VAMC),
medial (MDm, Pt), intralaminar (Pc, CeM, CM), and posterior (PuA) groups (Supplement
Table 1). In addition, significant negative correlations were also seen for 4 nuclei on the
left side including PuM, LGN, Pf and MV-re that were in posterior, intralaminar and
medial groups respectively (Supplement Table 1). For the non-PTSD group, in contrast,

no correlations were significant after FDR correction (Supplement Table 1). For the above
thalamic nuclei with significant correlations with CTQ, correlation coefficient comparisons
showed significant correlation differences between the PTSD and non-PTSD group for left
LGN, PuM, MDm, VAmc, and right VLa, VA and Pc (z scores: —2.265 to —1.756, p value:
0.012 to 0.040, Supplement Table 1).

3.4 Associations between thalamic volumes at post-trauma 2 weeks and PCL scores at
post-trauma 2 weeks and 3 months

Correlations between left and right thalamus volumes with PCL scores at post-trauma 2
weeks were not significant for either the PTSD (left: /= —-0.223, p= 0.132; right /= —0.158,
p=0.290; df= 45) or non-PTSD group (left: /= 0.051, p= 0.731; right = 0.083, p= 0.576;
df= 46).

In contrast, both left and right thalamic volumes were significantly negatively correlated
with PCL scores at post-trauma 3 months for the PTSD group (left, /= —0.393, p= 0.006;
right, /= —0.344, p= 0.018; df= 45), but not the non-PTSD group (left: /= 0.156, p= 0.289;
right /= 0.244, p= 0.095; df= 46) (Figure 3). Correlation coefficients significantly differed
for the two groups (left and right respectively: Z=-2.790, o= 0.003, and Z= -2.961, p=
0.002).

For thalamic nuclei, after FDR correction, significant negative correlations were found in the
PTSD group for 18 nuclei on both sides that spanned ventral (VPL, VLa, VLp, VA, VM),
medial (MDI), and intralaminar (Pf, CeM, CM) groups; 4 nuclei on the left side in ventral
(MDm, VAmc) and intralaminar (CL, Pc) groups; and 3 nuclei on the right side in the
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posterior (L-SG and PuL) and medial (MV-re) groups (Supplement Table 2). No correlations
were significant after FDR correction for the non-PTSD group (Supplement Table 2). With
exception of left Pc, and right MDI and MV-re, correlation coefficients significantly differed
between PTSD vs non-PTSD groups for all the above nuclei that had significant correlations
(z score: —=3.572 to —1.867, p: <0.001 to 0.031, Supplement Table 2).

Interestingly, the volumes of left MDm and VAmc, and right VLa and VA nuclei were
significantly negatively correlated with both preceding CTQ and post-trauma 3 month PCL
scores in the PTSD but not non-PTSD group, and all correlation coefficients significantly
differed for PTSD vs non-PTSD groups (Table 2). For example, left MDm volume was
significantly negatively correlated with both CTQ and post-trauma 3-month PCL scores in
the PTSD but not non-PTSD group, and both correlation coefficients significantly differed
for PTSD vs non-PTSD groups (Figure 4). This suggests that volumes of these nuclei may
be affected by early life ACEs and contribute to development of PTSS in PTSD patients with
later adult trauma.

4. Discussion

We find that ACEs are positively associated with PTSS severity in the early weeks to months
after subsequent adult trauma. We also report that ACEs are inversely associated with

whole thalamus volumes within the first 2 weeks after adult trauma, which, in turn, were
inversely associated with subsequent PTSS severity at post-trauma 3 months in survivors
who developed PTSD. Finally, with respect to specific thalamic nuclei, volumes of left
MDm and VAmc, and right VLa and VA were inversely associated with both CTQ and PTSS
at post-trauma 3 months in survivors who developed PTSD. These findings suggest that
early life ACEs and associated effects on early post-trauma whole thalamus and thalamic
nuclei volumes influence PTSS and PTSD development after adulthood trauma.

4.1 ACE relationships with PTSS at early times after adult trauma

The finding of a positive association between ACEs and PCL scores at 2 weeks and 3
months after adult trauma adds to existing work that suggests ACEs increase risk for chronic
PTSD after adult trauma (Brewin et al., 2000). Neuropsychological studies suggest an
association of ACEs with both maladaptive emational regulation (Kalia and Knauft, 2020)
and deficits in attention, learning, and memory (Pine et al., 2005; Pollak and Tolley-Schell,
2003; Samuelson et al., 2010). ACEs may have prolonged effects that lead to PTSD after
adult trauma (Breslau et al., 1991; Brewin et al., 2000; Widom, 1999). Our findings provide
new evidence and insight that indicates ACEs can also be associated with increased PTSS
during initial weeks to months after adult trauma. To our knowledge, the present study is the
first to examine early post-trauma PTSS and its relationship to ACEs. The results suggest
that ACEs have modulatory effects on post-trauma stress at early times after adult trauma,
particularly in trauma survivors who later develop PTSD. This provides a new perspective
that ACE can increase risk for PTSD.
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4.2 ACE relationships with early post-trauma whole thalamus and thalamic nuclei
volumes in adulthood

From existing studies, ACEs may influence thalamic development to lead to changes in
thalamic structure and/or function (Duarte et al., 2016; Hanson et al., 2010; Yoshii, 2021).
Our findings of negative correlation between ACEs and thalamus volumes in adulthood
may support these early results. The current study further finds that ACEs were negatively
associated with volumes of 26 out of 50 left and right thalamic nuclei in trauma survivors
who developed PTSD later. Among these nuclei, correlation coefficients of 7 nuclei
significantly differed between the PTSD vs non-PTSD groups. These findings suggest that
ACE-related influences on multiple thalamic nuclei may contribute to early development of
PTSD after adult trauma.

4.3 Early post-trauma thalamic volume relationships with PTSD development

Inverse relationships between thalamic volume and PTSS have been reported in chronic
PTSD patients (Shucard et al., 2012). For example, gray matter atrophy in the thalamus
was found in chronic PTSD patients compared to a control group without PTSD (Cardenas
etal., 2011). Re-experiencing symptoms negatively correlate with left thalamus volume
(Shucard et al., 2012), suggesting that thalamic volume may influence post-trauma sensory
processing. It has also been proposed that reduced thalamic activity may be related to

the reduced ability to cope with stress (Zhang et al., 2019). From these chronic PTSD
findings, it is possible that impairments in sensory processing and ability to cope with
stress, due to thalamus structural effects, contribute to PTSD development. Our findings
appear consistent with the relationship between whole thalamus volume and PTSS. We
further found significant inverse relationships between volumes of 25 of 50 thalamic nuclei
vs 3 month post-trauma PTSS severity in survivors who developed PTSD. In addition,
correlation coefficients of 22 of the above nuclei significantly differed in the PTSD vs
non-PTSD group. This suggests that multiple thalamic nuclei may contribute to PTSS in
patients who developed PTSD. Interestingly, thalamus volumes at 2 weeks post-trauma were
not significantly associated with PTSS at early weeks, but were significantly negatively
associated with PTSS severity at 3 months post-trauma in the PTSD group. The lack of
association between thalamic volumes and PTSS in the initial weeks may reflect a number
of factors, possibly including trait anxiety (Suliman et al., 2013) or that influences of other
parts of the brain may have greater effects on PTSS at this early time. Further studies are
needed to evaluate alternative causal models

4.4 ACE-vulnerable thalamic nuclei may contribute to PTSS and PTSD development

It is known that the thalamus is involved in multiple brain functions through its complex
connectivity with cortical neurocircuitries (Dolleman-van der Weel et al., 2019; Wolff

and Vann, 2019). Specific thalamic nuclei have been linked to mental and neurological
disorders (Hoang et al., 2021; Huang et al., 2020; Jurng et al., 2021; Shin et al., 2019).
However, specific contributions of thalamic nuclei to PTSD in human studies remain poorly
understood. The present results provide initial evidence that volumes of thalamic nuclei
including left MDmc and VAmc and right VLa and VA may be affected by early life

ACEs and, as a consequence, contribute to subsequent development of PTSS in patients
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who develop PTSD after later adult trauma. Evidence that MD, VA, and VLa connect

with prefrontal, cingulate, hippocampus, and amygdala to perhaps affect attention, threat
memories, fear responses, or social cognition (Abivardi and Bach, 2017; de Bourbon-Teles
etal., 2014; Grodd et al., 2020) suggests that these nuclei contribute to circuits involved

in PTSD development. It is plausible, for example, that ACE in early life may negatively
impact MDmc, VAmc, VVLa and VA and lead to deficits in threat memories, fear responses,
or social cognition, adversely influencing recovery after adult trauma and promoting early
development of PTSD. Properties of medial and ventral thalamic nuclei may prove useful for
predicting PTSD development in adult trauma survivors with an ACE history.

4.5 Limitations

This study has the following limitations. First, we studied trauma patients with high stress
and pain at the time of trauma. Generalization of the findings to all trauma survivors needs
further tests. Second, ACE is associated with mental disorders including depression, anxiety,
and addiction, which can be comorbid factors for PTSD. These comorbidities should be
considered in future work. Third, age at which ACE occurred, which was not addressed,
may be a factor that influences ACE outcomes. Fourth, the findings are based on correlation
analyses of measures with a temporal sequence, but do not prove causal-effect relationships.
Fifth, we did not find differences in effects of different trauma, e.g. MVC and assault, as
recently reported (Geoffrion et al., 2020). This merits further attention with larger samples.

4.6 Conclusions

The current study reports that whole thalamus and specific thalamic nuclei volumes at 2
weeks after trauma are negatively associated with both preceding ACEs and subsequent
PTSS at 3 months after trauma in patients who develop PTSD. These associations may
mediate further positive associations between ACEs and early post-trauma PTSS severity
and shed light on thalamic contributions to increased risk for PTSD after ACE.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
. CTQ scores positively correlated with PCL scores at both 2 weeks and 3
months post-trauma
. CTQ scores negatively correlated with whole thalamus and 7 nuclei volumes

at post-trauma 2 weeks in the PTSD group, but not the non-PTSD group

. Whole thalamus and 22 nuclei volumes negatively correlated with subsequent
PCL scores at 3 months in the PTSD, but not the non-PTSD group

. Volumes of left MDm and VAmc, and right VLa and VA inversely associated
with both CTQ and post-trauma 3 month PTSS in survivors who developed
PTSD
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CTQ scores were significantly positively correlated with PCL scores at (A) 2 weeks and (B)
3 months after adult trauma.
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CTQ scores were significantly negatively correlated with (A) left, and (B) right whole
thalamic volumes after adult trauma in the PTSD but not non-PTSD group.
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Figure 3:
(A) Left and (B) right post-trauma 2 week thalamus volumes significantly negatively

correlated with PCL scores at post-trauma 3 months in the PTSD group, but not non-PTSD
group.
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Figure 4:
Volume of left MDm at post-trauma 2 weeks significantly negatively correlated with (A)

preceding CTQ scores, and (B) subsequent post-trauma 3 month PCL scores in the PTSD,
but not non-PTSD group.
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Behavioral and Brain Measures

Table 1

right (mm3)  6347.7 +729.2

All survivors PTSD non-PTSD
(n=101) (n=50) (n=51)

CTQ 57.5+22.9 59.2+23.5 55.7+22.4
PCL
2 weeks 48.4+158 5o5+116° ~ 44.3+182
3 months 35.6+18.3 443 +151% 27.0+17.1
Thalamic volumes (mm3)
left (mm3) 6601.4 +748.9 6563.9+833.5 6638.2+661.9

6312.6 + 760.1

6382.2 + 703.1

*
PTSD group and non-PTSD group were significantly different at p<0.05 level
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Thalamic nuclei with correlations between volumes and both CTQ and post-trauma 3 month PCL scores

Correlation with CTQ scores

Correlation with post-trauma 3 month PCL scores

_ non-PTSD Corr. coef. _ non-PTSD
Group  nucleus PTSD (N=50) (N=51) comb. PTSD (N=50) (N=51) Corr. coef. comp.
FDR FDR FDR FDR
r P r P z p r P r P z p
Left
. 0.025 0.037 0.042 .
Medial MDm -0.369 # -0.020 0.940 -1.790 e -0.338 # 0.226 0.769 -2.835 0.002
0.005 0.040 0.014 "
Ventral  VAmc -0.518 # -0.210 0.345 -1.756 e -0.399 # -0.004 0.976 -2.039 0.021
Right
0.023 0.037 0.039 "
Ventral VA -0.376 # -0.029 0917 -1.785 T -0.358 # 0.088 0.729 -2.255 0.012
0.010 0.013
Via  -0433 4  -0094 0658 -1800 06 _ose2 .7 0220 0397 -3572 <0001

#"FDR P<0.05, partial correlation

A
'P<0.05, correlation coefficient comparison.
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