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Abstract

Background: Childhood adversity is associated with susceptibility to posttraumatic stress
disorder (PTSD) in adulthood. Both PTSD and adverse experiences in childhood are linked to
disrupted white matter microstructure, yet the role of white matter as a potential neural
mechanism connecting childhood adversity to PTSD remains unclear. The present study
investigated the potential moderating role of previous childhood adversity on longitudinal
changes in white matter microstructures and posttraumatic stress symptoms following a recent
traumatic event in adulthood.

Methods: As part of the AURORA Study, 114 recent trauma survivors completed diffusion
weighted imaging at 2-weeks and 6-months after exposure. Participants reported on prior
childhood adversity and PTSD symptoms at 2-weeks, 6-months, and 12-months post-trauma. We
performed both region-of-interest (ROI) and whole-brain correlational tractography analyses to
index associations between white matter microstructure changes and prior adversity.

Results: Whole-brain correlational tractography revealed that greater childhood adversity
moderated the changes in quantitative anisotropy (QA) over time across threat and visual
processing tracts including the cingulum bundle and inferior fronto-occipital fasciculus (IFOF).
Further, QA changes within cingulum bundle, IFOF, and inferior longitudinal fasciculus were
associated with changesin PTSD symptoms between 2-weeks and 6-months.

Conclusions: Our findings suggest temporal variability in threat and visual white matter tracts
may be a potential neural pathway through which childhood adversity confers risk to PTSD
symptoms after adulthood trauma. Future studies should take the temporal properties of white
matter into consideration to better understand the neurobiology of childhood adversity and PTSD.
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I ntroduction

Childhood adversity can potentiate later development of psychiatric disorders in
adulthood. For example, experiences of childhood adversity are associated with higher risk of an
adult-onset posttraumatic stress disorder (PTSD) diagnosis (McLaughlin et al., 2017), more
severe PTSD symptoms in adulthood (Wong et al., 2023), and lower likelihood to recover from
PTSD once diagnosed (Steinert et al., 2015). However, the potential neural mechanisms
underlying the impact of childhood experiences on adulthood trauma responses are not well
explored. Prior work suggests adverse experiences in childhood are tied to aterations in white
matter development within threat neurocircuitry (Olson et al., 2020; Puetz et al., 2017,
McLaughlin et €., 2019). Further, recent work suggests childhood trauma may alter the
peritraumatic integrity of sensory-related white matter tracts which in turn influence later PTSD
symptoms after an adulthood trauma (Wong et a., 2023). However, there remains little research
on potentia longitudinal changes in white matter microstructure after adulthood trauma (e.g.,
between the peri-and post-traumatic period) that may be influenced by childhood experiences.
Childhood experiences may modulate the degree of white matter changes following later trauma
and subsequently elevate neural risk for PTSD. Therefore, the present research investigated
structural changes in threat and sensory white matter tracts in the early aftermath of adulthood
trauma to better understand the influence of childhood adversity on brain structure that supports

adulthood PTSD.

Both PTSD and childhood adversity are associated with structural alterations in threat
and sensory neurocircuitry (Daniels et al., 2013). The core threat neurocircuit includes the
prefrontal cortex, hippocampus, and amygdala, and is linked to the emergence and maintenance

of PTSD symptoms (Harnett et al., 2020b; Roeckner et al., 2021). For example, previous
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investigations have observed reduced integrity of the cingulum bundle and uncinate fasciculus -
white matter tracts that interlink threat-related regions - in individuals with PTSD (Fani et a.,
2016; Olson et al., 2017; Koch et a., 2017). Childhood adversity is also associated with lesser
microstructure of similar tracts such as the uncinate fasciculus, cingulum bundle, and corpus
callosum in children, adolescents, and adults (Buimer et al., 2022; Kulla et al., 2024; Hanson et
a., 2015; Huang et al., 2012). The prior work indicates structural pathways that support threat
processing are important for understanding the neural impact of childhood adversity on later
PTSD development. Recent research has also emphasized that sensorial circuitry — particularly
visual circuitry — is also strongly related to both PTSD and childhood adversity (Harnett et al.,
2024). Meta-analyses suggest individuals with PTSD show reduced fractional anisotropy (FA) of
the superior longitudinal fasciculus and inferior fronto-occipital fasciculus (IFOF) compared
with trauma-exposed controls (Siehl et al., 2018; Ju et a., 2020). In addition, more adverse
experiences in childhood are associated with lower integrity of visual association tracts such as
the IFOF, inferior longitudinal fasciculus (ILF), and superior longitudinal fasciculus (Tendolkar
et al., 2017; Huang et al., 2012). The IFOF and ILF in particular are critical for interconnecting
threat and visual circuitry along the ventral visual stream (Zemmoura et al., 2022; Forkel et al.,
2014). Taken together, the current literature suggests that aterations in white matter fibers,
especially those connecting threat and visual networks, may be a possible neural mechanism

underlying the association between childhood adversity and PTSD.

Recent longitudinal investigations of recent trauma survivors further suggest childhood
adversity is linked with neurobehavioral alterations across threat and sensorial circuits related to
PTSD in the early aftermath of adulthood traumatic stress. A prior report found heightened

amygdala-precuneus resting-state functional connectivity of amygdala 2-weeks post-trauma
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mediated the influence of childhood abuse on anxiety but not PTSD symptoms 6-months after
trauma exposure (Harb et al., 2024). Similarly, previous research from our group observed that
childhood maltreatment was associated with reduced integrity of the internal capsule following
adulthood trauma which in turn predicted increased PTSD symptoms at 6-months post-trauma
(Wong et al., 2023). These findings highlight the possibility that microstructural variability in the
acute aftermath of trauma exposure is a potential mediator between childhood adverse
experiences and posttraumatic outcomes. However, no prior study has investigated potential
longitudinal changes in white matter in recent trauma survivors which may be linked to recovery
from, or maintenance of, PTSD symptoms over time. Prior work by Kennis et al. (2015) found
that patients with persistent PTSD showed increased FA in the dorsal cingulum but not those
who recovered after treatment or the combat-exposed controls. Another longitudinal study
observed heightened FA in the posterior cingulum bundle over time in individuals whose PTSD
symptoms persisted (Zhang et al., 2012). These data suggest that changes in white matter
microstructure are related to changes in PTSD symptomatology. Determining if longitudinal
changes in white matter microstructure are associated with childhood adversity and future PTSD

symptoms would improve our understanding of the neurobiological risk factors of PTSD.

Therefore, the current study investigated the interrelations between childhood adversity,
microstructural changes in white matter acutely after adulthood trauma, and later PTSD
symptoms in recent trauma survivors. We hypothesized that childhood adversity would moderate
the microstructural changes within key threat (e.g., uncinate fasciculus, cingulum bundle) and
visual (IFOF, ILF) white matter tracts between 2-weeks and 6-months post-trauma such that
trauma survivors with higher level of childhood adversity would show greater changes in these

tracts. We also hypothesized that greater microstructural changes of such white matter would be
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associated with greater increases in PTSD symptoms over the same period. The present findings
provided insights into the potential long-term effects of early adversity on the progression of

PTSD symptoms after adulthood trauma and the underlying role of white matter integrity.
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Methods and M aterials

Participants

The present analysis utilized data from the Advancing Understanding of RecOvery afteR
trauma (AURORA) Study, a longitudinal multisite investigation of neuropsychiatric outcomesin
recent trauma survivors. Details of the broader AURORA study are available in prior reports
(McLean et al., 2020). Individuals from the dataset were included in prior studies (Harnett et al.,
2022; Wong €t al., 2023); however, the present analyses are distinct. Briefly, volunteers aged
between 18-75 who experienced a recent trauma were enrolled from Emergency Departments
(ED) across the United States. Qualifying trauma exposures included motor vehicle collision, fall
greater than 10 feet, sexual assault, physical assault, and mass casualty incident. Participants
were also recruited if @) they endorsed having other life-threatening traumatic events on a
screener question and b) a research assistant confirmed the event was qualifying. Exclusion
criteriainvolved use of general anesthesia, long bone fracture, laceration with severe hemorrhage,
solid organ injury exceeding American Association for the Surgery of Trauma Grade 1, lack of
alertness and orientation at enrollment, visual or auditory impairments that hindered the
completion of web-based assessments and/or follow-ups via telephone, injuries resulting from
self-harm or occupational incidents, incarceration, ongoing domestic violence reported, intake of
more than 207 Img morphine or its equivalent per day, lack of IOS or Android-compatible
smartphone with Internet access, and lack of email address that could be checked as needed.
Additional MRI exclusion criteria included having metal or ferromagnetic implants, current
pregnancy or breastfeeding, claustrophobia, and a history of neurological disorders such as

seizure, epilepsy, Parkinson's disease, dementia, and Alzheimer’s disease. Written informed
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consent was obtained from all participants as approved by each site's ingtitutional review board,
and participants were financially compensated for their time.

Participants in the AURORA Study were enrolled from September 2017 to December
2020. A total of 2943 individuals were enrolled and a subset (n = 504) were invited to complete
diffuson MRI at 2-weeks and/or 6-months after trauma. The present investigation on childhood
adversity required participants to have childhood adversity data and structural neuroimaging data
at both 2-weeks and 6-months post-trauma. Childhood adversity data consisted of either
completion of a modified Childhood Trauma Questionnaire (MCTQ) or endorsement of
traumatic exposure during childhood on the Life Events Checklist for DSM-5 (cLEC-5).
Structural neuroimaging data consisted of diffusion weighted imaging (DWI) data that met the
standards of quality control assessment (see below for details). In total, 114 participants had

childhood adversity data and usable 2-week and 6-month neuroimaging data.

Demogr aphics
Demographic characteristics such as age, race, ethnicity, sex assigned at birth, income,

and education were collected either in the ED or 2-week follow-up visit (Table 1).

Childhood adver sity

Childhood adversity was assessed by two self-report questionnaires. a modified version
of the Childhood Trauma Questionnaire (mMCTQ) and endorsement of traumatic events on the
Life Events Checklist for DSM-5 during childhood (cLEC-5). Modified CTQ. The AURORA
study used the mCTQ (Bernstein et al., 2003) to assess exposure to maltreatment during

childhood. The mCTQ included 11 items that covered 5 subtypes of maltreatment, including
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physical abuse, sexual abuse, emotional abuse, physical neglect, and emotional neglect.
Participants self-reported on how often they experienced each type of maltreatment during
childhood using a 5-point Likert-scale (O: never, 1. rarely, 2: sometimes, 3: often, 4: very often)
within approximately two weeks after admission to ED. Items related to emotional neglect (i.e.,
“There was someone in your family who helped you feel that you were important or specia”, “You
felt loved”) and physical neglect (i.e., “You knew there was someone to take care of you and protect
you”, “There was someone to take you to the doctor if you needed it”) were reverse coded so that
greater scores represented higher levels of neglect. The total possible score ranged from 0 to 44
and the summed score was used in the present analyses. cLEC-5. Childhood adversity was also
assessed by endorsement of childhood trauma from Life Events Checklist for DSM-5 (cLEC-5)
collected 8-weeks after ED admission. The LEC-5 is an established instrument for assessing
exposure to a wide range of traumatic events (Weathers et a., 2013a). In the present study, we
only considered events that happened during childhood. For each of the 17 traumatic events
included in the survey (e.g., natura disaster, transportation accident, physical assault etc.),
participants reported on whether they experienced it personally, whether they witnessed it
happen to someone else, whether they learned about it happening to someone close to them, and
whether they were exposed to details about it as part of their job (1: yes, 0: no). Participants also
reported the age at which the first time the specific event occurred if any. Childhood adversity
was calculated as the total number of traumatic events experienced at any of the four levels
mentioned above between ages 3-10 to approximate the childhood developmental period. The
total possible score ranged from O to 68. The summed raw score was used in the analyses.

Results of the two measures were included in the analyses separately given each

encompasses potentially unique dimensions of childhood adversity despite some overlap (e.g.,
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sexual assault). Specifically, cLEC-5 focused on direct or indirect exposure to traumatic events
ranging from natural disasters to witnessing the death of aloved one. mCTQ, on the other hand,
emphasized maltreatment experiences that may not necessarily reach a threshold of “trauma”
within the DSM-5. The present study used both measures to maximize our ability to detect

potentially unique aspects of childhood adversity on white matter microstructure.

Posttraumatic Outcomes

Participants completed the Posttraumatic Stress Disorder checklist for DSM-5 (PCL-5;
Blevins et al., 2015; Weathers et al., 2013b) to assess PTSD symptoms at 2-weeks, 6-months,
and 12-months after the qualifying traumatic event. The PCL-5 included 20 items, and
participants reported on how much they were troubled by the thoughts and feelings related to the
traumatic event either in the past 2 weeks at 2-weeks post-trauma, or in the past 30 days at the
following timepoints. The assessment used a Likert-scale of 4 (0: not at all, 1: alittle, 2: some, 3:
a lot, 4. extremely) and the total score (ranging from O to 80) was summed and used in the
analyses. We used the calculated symptom difference score between 2-weeks and 6-months, and
the symptom score at 12-months to assess the longitudinal posttraumatic outcomes. Descriptive

statistics of the self-report measures are provided in Table 2.

Diffusion weighted imaging

Diffusion weighted imaging (DWI) was conducted to obtain measures of white matter
microstructure across five sites as previously reported (Wong et a., 2023). Data processing was
completed following the recommendations of the ENIGMA  consortium

(http://enigma.ini.usc.edu/protocol g/dti-protocols/). For data quality control, we first visually


https://doi.org/10.1101/2025.03.08.25323425
http://creativecommons.org/licenses/by-nc/4.0/

medRxiv preprint doi: https://doi.org/10.1101/2025.03.08.25323425; this version posted March 14, 2025. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
It is made available under a CC-BY-NC 4.0 International license .

CHILDHOOD ADVERSITY AND WHITE MATTER VARIABILITY 15

inspected diffusion weighted images and then calculated metrics of temporal signal-to-noise ratio
(TSNR) and outlier maximum voxel intensity. We removed participants who demonstrated both:
(a) TSNR values lower than 4.88 and (b) maximum voxel intensities greater than 5000 (Roalf et
a., 2016). Motion and eddy current effects were reduced using the ‘eddy’ subroutine in the
FMRIB Software Library (FSL; Smith et al., 2004, Andersson and Sotiropoulos, 2016). We also
corrected susceptibility effects using nonlinear warping of the DWI data to the anatomical scans
(Wang et al., 2017).

Data were then processed and analyzed using two different methods: region-of-interest
(ROI) anaysis with tract-based spatial statistics (TBSS) and whole-brain correlational
tractography in DSl Studio. TBSS processing was conducted following the ENIGMA-DTI
working group processing standards to extract FA values (Smith et al., 2006; Jahanshad et al.,
2013). Briefly, all FA images were nonlinearly registered to the FA template in the Montreal
Neurological Institute (MNI) space and averaged to generate a mean FA skeleton (Jahanshad et
al., 2013). Each participant’s FA map was then projected onto the skeleton to extract FA values
of ROIs based on the John’s Hopkins University (JHU) White Matter Atlas (Hua et al., 2008).
The a priori ROIs for the present analysis included inferior fronto-occipital fasciculus (IFOF),
sagittal stratum (SS), posterior thalamic radiation (PTR), uncinate fasciculus (UNC), cingulum-
cingulate gyrus (CGC), and cingulum-hippocampus (CGH).

We further performed Q-space diffeomorphic reconstruction (QSDR; sampling length
ratio = 1.25 mm, output resolution = 2 mm) for the 2-week and 6-month data, and generated a
longitudinal QA database for whole-brain analyses (Y eh and Tseng, 2011; Yeh et al., 2010; Yeh
et a., 2016). We completed longitudinal correlational tractography in DSI Studio (version

“CHEN” October 2, 2023) to test whether quantitative anisotropy (QA) changes across any white
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matter tracts were associated with 1) childhood adversity or 2) changes in PTSD symptom
between 2-weeks and 6-months following trauma. QA is an index that quantifies anisotropic
diffusion along the primary fiber orientation in white matter tracts (Yeh et al., 2010). While both
QA and FA measure water diffusion in white matter, FA is a normalized metric that reflects the
proportion of anisotropic diffusion within a voxel, whereas QA removes isotropic diffusion and
scales with spin density (Yeh et al., 2010; Yeh et a., 2013). This distinction makes QA less
susceptible to partial volume effects, leading to improved performance in tractography (Yeh et
a., 2013). Therefore, the present study used QA to assess white matter microstructure in the

whole-brain tractography analyses.

Statistical Analysis

We completed both ROI and whole-brain analyses. Observations whose mCTQ or cLEC
score was more than 3 standard deviations away from the mean were identified as outliers and
removed from analyses. We excluded 1 outlier in the analyses with mCTQ and 4 outliers with
CLEC-5. We aso excluded 2 outliers of PCL-5 difference score in the whole-brain correlational
tractography analysis with PCL-5 changes. The ROI-based analyses were completed with R (R
Core Team, 2023) and R Studio (Posit Team, 2023). We conducted linear regression models to
test the effects of childhood adversity on longitudinal changes between 2-weeks and 6-months
post-trauma (i.e., 6-months minus 2-weeks) in the bilateral tracts of interest extracted from the
JHU atlas. Age, sex assigned at birth, and scanning site were included as covariates. In total, the
two measures of childhood adversity - mCTQ and cLEC - each had 12 models generated. We
further conducted FDR correction based on the Benjamini-Hochberg procedure to adjust for

multiple comparisons (Benjamini & Hochberg, 1995).
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The whole-brain longitudinal tractography analyses were completed using nonparametric
Spearman partial correlation, a built-in statistical method in DSl Studio. We tested the
correlation between childhood adversity or PCL-5 score difference over 2-weeks and 6-months
and longitudinal change in QA values, and the effect of age, sex assigned at birth, and scanning
site was removed by multiple regression. A deterministic fiber tracking algorithm was used to
identify the tract associations above a T-score threshold of 2.5 (Yeh et a., 2013). A seeding
region was placed at whole brain. Next, the tractography was refined by filtering the tracks with
16 iterations of topology-informed pruning (Yeh et al., 2019). Findly, a total of 4000
randomized permutations were applied to obtain the null distribution of the track length, and the
false discovery rate (FDR) was estimated. Tracts that passed an FDR < 0.05 were considered
significant.

In exploratory follow-up analyses to better understand our whole-brain effects, we
selected tracts within the bilateral cingulum bundle or IFOF from tracts showing significant
positive associations between mCTQ and QA increases. We then generated QA connectometry
databases for the 2-week and 6-month data using the same settings as were used for the
longitudinal connectometry database and extracted the average 2-week and 6-month QA values
of the selected significant tracts of interest (i.e., cingulum bundle and IFOF). Multiple regression
analyses were completed to examine the association between mCTQ and QA at 2-weeks and 6-
months post-trauma of these tracts, covarying for age, sex assigned at birth, and scanning site.
We further completed an additional whole-brain analysis similar to the above to investigate
associations between changes in white matter microstructure and PTSD symptoms at 12-months

post-trauma.
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Results
Participant characteristics
Participant demographics are presented in Table 1. Table 2 presents the mean and
standard deviation of the childhood adversity scores and PTSD symptom scores in the sample.
Correlational analyses (Table S1) indicated that in the current sample, mCTQ was significantly
positively correlated with PTSD symptom scores at 2-weeks and 6-months, but not at 12-months
or with changes between 2-weeks and 6-months. cLEC-5 was not significantly correlated with

PTSD symptom scores at any timepoints.

ROI-based Analysis

We first tested whether childhood adversity was significantly associated with longitudinal
changesin FA of the 12 bilateral ROIs (Table 3). Greater mCTQ was associated with decreases
in FA of left IFOF, left PTR, left UNC, and left CGH (nominal p < 0.05). Similarly, greater
cLEC-5 was significantly associated with decreases in FA of right UNC and left CGH (nominal

p < 0.05). However, the observed effectsin the analyses did not survive FDR correction.

Whole-brain Analysis
Childhood Adversity and QA Change

We next completed whole-brain tractography analyses to investigate if changes in white
matter QA between the 2-week and 6-month scans were associated with prior childhood
adversity. Greater mCTQ was associated with increases in QA over time (i.e., greater at 6-
months compared to 2-weeks) within the bilateral IFOF, left ILF, and bilateral cingulum bundles

(Figure 1). We further observed that greater mCTQ was associated with decreases in QA over
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time (i.e.,, greater a 2-weeks compared to 6-months) within the dorsal cingulum (Figure 1).
Additionally, greater cLEC-5 was associated with increases in QA over time within the bilateral
IFOF, optic radiation (OR), left PTR, and bilateral cingulum bundles (Figure 1). We did not
observe any associations where greater cLEC-5 was associated with decreased QA.

We then conducted exploratory follow-up analyses to test if the observed significant
positive associations between mCTQ and QA increases over time were driven by QA values at
2-week or 6-month timepoint. Post hoc analyses revealed there were no significant associations
between mCTQ and QA of tracts within bilateral cingulum bundle or IFOF at 2-weeks post-
trauma (Table 4). However, mCTQ was significantly positively associated with QA of the

bilateral cingulum bundle and right IFOF at 6-months (Table 4).

PTSD Symptom Change and QA Change

Next, we investigated if changes in white matter QA were associated with changes in
PTSD symptoms. Whole-brain longitudinal correlational tractography with the PCL-5 change
score (6-months minus 2-weeks) revealed that increases in PCL-5 scores were associated with
increases in QA over time within bilateral cerebellum and forceps minor (Figure 2). We also
found that increases in PCL-5 scores over time were associated with decreases in QA within
forceps major, forceps minor, bilateral IFOF, cingulum bundle, ILF, middle longitudinal

fasciculus, and left cerebellum (Figure 2).

12-Months PTSD Symptom and QA Change
Finally, we investigated if changes in white matter QA were predictive of future (i.e., 12-

month) PTSD symptoms. Greater longitudinal increases in QA within the bilateral cingulum
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bundles, bilateral IFOF, right middle longitudinal fasciculus, corpus callosum, and SLF were
associated with higher PCL-5 score at 12-months post-trauma (Figure 2). No negative

associations were found.
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Discussion

Childhood adversity is associated with adulthood responses to traumatic stress, and recent
evidence suggests that the association may be partially driven by variability in neural structure.
However, limited research to date has investigated whether longitudinal changes in white matter
microstructure, in the early months after trauma, may be related to prior exposure to childhood
adversity. Understanding the potential associations of childhood adversity with changes in white
matter may shed light on the neural mechanisms influencing susceptibility to post-traumatic
stress. The present study investigated the associations between childhood adversity, changes in
white matter microstructure, and PTSD symptoms in recent trauma survivors. Individuals with
higher levels of childhood adversity showed increased microstructural integrity (indexed via QA)
between 2-weeks and 6-months post-trauma within bilateral IFOF, OR, cingulum bundle, left
ILF, and left PTR, and decreased QA within the dorsal cingulum. We further observed that
increases in PTSD symptoms between 2-weeks and 6-months, as well as PTSD symptoms at 12-
months, were mainly associated with increases in QA between 2-weeks and 6-months across
several tracts, including bilateral cingulum bundle, IFOF, and ILF. The present findings
demonstrate that childhood adversity is associated with white matter changes following
adulthood trauma exposure, which — in turn — are associated with posttraumatic stress outcomes.

Our whole-brain tractography analysis revealed that the severity of childhood adversity,
using either measures of childhood maltreatment or childhood trauma, was associated with
changes in white matter QA across several white matter tracts. Specificaly, greater adversity
was associated with increases in QA during the months after trauma within bilateral I1FOF, left
ILF, and cingulum bundle as well as the optic and posterior thalamic radiations. The findings

seem surprising within the context of prior cross-sectional studies that observed a negative
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association between childhood adversity and white matter integrity. A meta-analysis suggests
individuals with maltreatment experiences in childhood, compared with non-maltreated controls,
show reduced microstructure within bilateral fornix, OR, ILF, and IFOF (Lim et a., 2020). Our
own prior work in the AURORA sample found childhood maltreatment load was negatively
associated with 2-week post-trauma white matter microstructure in adulthood trauma survivors
(Wong et a., 2023). The inconsistent findings may be partialy attributable to the different
timeframes. While the previous findings are mainly cross-sectional or specific to acute measure
of white matter at one timepoint following adulthood trauma (i.e., 2-weeks post-trauma), the
present study examined the prospective post-trauma changes in white matter microstructures in
relation to childhood adversity. The present results are thus reflective of how childhood adversity
may affect the neural responses to a later adulthood stress exposure, which may be different from
the cross-sectional differences in white matter observed in individuals with exposure to
childhood adversity. Another difference between the current report and prior research is that
previous work commonly utilized diffusion tensor imaging metrics (e.g., FA) while the present
findings were seen in QA. FA and QA summarize microstructural properties of white matter
tracts using distinct methods and have differing biophysical mechanisms (Yeh et al., 2013) and
thus the directionality of the present effects with QA may be different from prior reports focused
on FA. However, prior work observed negative associations between QA and measures of
adversity in a young adult sample including neighborhood disadvantage, income, and violence
exposure (Bell et al., 2021). It is thus possible the present finding of increased QA in those with
greater childhood adversity in the 6-months after an adulthood trauma exposure is driven by

other factors than the microstructural index used here.
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One potential explanation for the increases in QA is that adverse experiences in
childhood may potentiate increases in white matter microstructural integrity in the late recovery
period after adulthood traumatic stress. Childhood adversity is associated with adaptive
neurobehavioral processes, such as heightened attentional bias towards threat-related visual
stimuli (Pollak & Tolley-Schell, 2003; Shackman & Pollak, 2014). The neurobehavioral
adaptions may offer protection against some future stressors while being maladaptive in other
circumstances (Teicher et a., 2016). The IFOF and cingulum bundle are key tracts
interconnecting visual and emotional processing regions (Forkel et al., 2014; Bubb et al., 2018)
and—n the present study— microstructures of these tracts were associated with reports of
childhood adversity. Further, we also observed that the association between childhood adversity
and white matter QA changes in these tracts were primarily driven by the 6-month post-trauma
assessment. Speculatively, it may be that individuals with prior adversity engage adaptive
processes that could strengthen the fiber tracts by potentially triggering experience-driven
myelination (Fields, 2015; Mount & Monje, 2017), in turn driving increased QA over time.

The possibility that childhood adversity may contribute to longer-term adaptive changes
in white matter is partially supported by our finding that increased QA in tracts including
cingulum, IFOF, and ILF was associated with decreased PTSD symptoms between 2-weeks and
6-months post-trauma. Childhood adversity (Lim et a., 2020; Huang et al., 2012; Hanson et al.,
2015), trauma exposure (Hu et al., 2016; Wong et al., 2023; Harnett et al., 2020&; Li et al., 2016),
and PTSD (Olson et al., 2017; Siehl et al., 2020; Ju et al., 2020; Dennis et al. 2021) are al
associated with variability in tracts that support visual and emotional information processing
(Harnett et al., 2024). However, there is limited research on how changes in white matter are

associated with changes in PTSD symptoms over time. Treatment studies suggest greater FA
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reductions over time in the UNC, fornix, and stria terminalis are related to greater improvement
in PTSD symptoms after treatment (Korem et al., 2024; Kennis et al., 2015). Further, increased
cingulum FA over time is associated with resistance to PTSD treatment (Kennis et al., 2015). In
the present study, individuals with greater increases in QA—previously associated with childhood
adversity— showed greater reductions in PTSD symptoms. Our findings may suggest a partially
protective effect of early adversity exposure on changesin PTSD symptoms over time. However,
it should be noted that individuals with higher levels of adversity also exhibited greater PTSD
symptoms at both 2-weeks and 6-months post-trauma. Thus, plasticity of white matter tracts may
aid some individuals in preventing worsening of symptoms over time despite the potentiating
effects of adversity on symptoms more generally. Interestingly, although increased white matter
QA was associated with decreases in PTSD symptoms over 2-weeks and 6-months, increased
QA was also associated with greater PTSD symptoms at 12-months. Taken together, the present
findings suggest there are adaptive white matter changes facilitated by earlier stress exposure
that help to mitigate increasing PTSD symptoms in the posttraumatic phase. However, such
changes may—for some individuals—contribute to greater symptom expressions in the long term.
Importantly, the present findings suggest there is temporal variability in white matter
microstructure within the first year after traumarelated to posttraumatic outcomes.

The present findings should be interpreted in the context of several limitations. First,
there was limited information collected from participants on the timing of childhood adversity in
our analyses. The timing of adverse experiences relative to development stages may have
varying effects on white matter microstructure and the subsequent risk of developing PTSD in
adulthood not considered in the present analysis. Prior research has highlighted sensitive periods

in neurodevel opment when adverse experiences are particularly impactful on the development of
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tracts supporting threat response and sensorimotor functions (Gabard-Durnam & McLaughlin,
2019; Sk et al., 2023). Second, while the present study is somewhat unique in its longitudinal
design, neuroimaging was completed at only two time points over six months, which may not
fully capture the potential dynamic structural changes associated with trauma exposure. Prior
research suggests white matter exhibits dynamic and experience-dependent plasticity even in
adulthood (Sampaio-Baptista & Johansen-Berg, 2017). Consequently, the microstructure of
white matter may exhibit varying tragjectories of changes following a traumatic event. Future
studies would benefit from collecting diffusion weighted data at multiple timepoints, both in the
early and later aftermath of trauma, to better elucidate the temporal patterns of white matter
changes and their implications for posttraumatic stress symptoms. Multiple timepoints of data
would also allow for sophisticated longitudinal models to take account of potential statistical
limitations such as increased measurement error and omitted time invariant variables.

In conclusion, childhood adversity moderated the microstructural changes in white matter
tracts implicated in threat and visual processing between 2-weeks and 6-months post-trauma,
which werein turn related to fluctuations in, and persistence of, PTSD symptoms. These findings
underscore the importance of investigating changes in white matter integrity over time in recent
trauma survivors as it may serve as a possible neural pathway linking childhood adversity to
elevated susceptibility to adulthood PTSD. Although more research is necessary to better
characterize the temporal properties of white matter tracts, the present findings provide critical
insights into the interconnection between childhood adversity, temporal variability in threat- and

visual-related tracts, and posttraumatic stress responses in adulthood.
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Table 1. Demographic and ED trauma characteristics.

Characteristic Mean (SD)
or n (%)
Sex at Birth
Female 80 (70.2)
Male 34 (29.8)
Age 37.7 (13.8)
Race/Ethnicity
Hispanic 17 (14.9)
Non-Hispanic Black 53 (46.5)
Non-Hispanic White 38 (33.3)
Non-Hispanic Other 5(4.4)
Did not report 1(0.9)
Education Level
Some High School / Below 5(4.4)
High School / GED 31(27.2)
Some College 42 (36.8)
Associate Degree 13(11.4)
Bachelor’s Degree 15(13.2)
Graduate Degree 8(7.0)
Annual Family Income
Less than $19,000 23(20.2)
$19,001 - $35,000 37 (32.5)
$35,001 - $50,000 21 (18.4)
$50,001 - $75,000 10 (8.8)
$75,001 - $100,000 5(4.4)
Greater than $100,000 12 (10.5)
Did not report 6 (5.3)
Mechanisms of Injury
Motor Vehicle Collision 88 (77.2)
Non-motorized Collision 2(1.8)
Physical Assault 9 (7.9
Sexual Assault 2(1.8)
Fall <10 feet / unknown 6 (5.3)
Animal-related 3(2.6)
Burns 1(0.9)
Other 3(2.6)

ED Emergency Department.
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Table 2. Digtribution of childhood adversity scores.

Measure Mean (SD) Range
mCTQ Total (n = 103) 8.45 (9.39) 0-37
Emotional Abuse 2.24 (2.68) 0-8
Emotional Neglect 1.81(2.37) 0-8
Physical Abuse 1.60 (2.55) 0-8
Physical Neglect 1.47 (2.22) 0-8
Sexual Abuse 1.33(2.41) 0-9
cLEC-5Total (n = 100) 1.59 (2.24) 0-11
PCL-5
At WK2 (n=104) 28.73(17.82) 0-69
At M6 (n = 109) 2347 (18.11) 0-79
Change between WK2 and M6 (n=101) -7.36(17.18) -49-60
At M12 (n = 83) 22.01(17.61) 0-63

mMCTQ modified Childhood Trauma Questionnaire, cLEC-5 childhood Lifetime Event Checklist
for DSM-5, PCL-5 Posttraumatic Stress Disorder checklist for DSM-5; WK2 2-weeks post-

trauma, M6 6-months post-trauma, M12 12-months post-trauma.
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Table 3. Effects of childhood adversity on FA changes in tracts of interest.

B t-statistic p-values  FDR adjusted p-values
Modeswith mCTQ
IFOF-L -0.24 -2.32 0.022* 0.128
IFOF-R 0.00 0.00 0.996 0.996
SS-L -0.20 -1.96 0.053 0.128
SSR -0.07 -0.65 0.515 0.618
PTR-L -0.23 -2.27 0.025* 0.128
PTR-R 0.02 0.24 0.812 0.886
UNC-L -0.20 -2.06 0.042* 0.128
UNC-R -0.09 -0.84 0.401 0.601
CGC-L -0.11 -1.14 0.259 0.444
CGC-R -0.16 -1.55 0.124 0.248
CGH-L -0.20 -2.04 0.044* 0.128
CGH-R 0.07 0.72 0.474 0.618
Modeswith cLEC-5
IFOF-L -0.17 -1.67 0.097 0.305
IFOF-R -0.06 -0.56 0.574 0.677
SS-L -0.07 -0.70 0.488 0.651
SSR -0.12 -1.21 0.228 0.421
PTR-L -0.11 -1.09 0.281 0.421
PTR-R -0.16 -1.65 0.102 0.305
UNC-L -0.13 -1.35 0.179 0.421
UNC-R -0.22 -2.23 0.028* 0.170
CGC-L 0.05 0.50 0.621 0.677
CGC-R -0.12 -1.14 0.258 0.421
CGH-L -0.22 -2.32 0.022* 0.170
CGH-R -0.02 -0.15 0.881 0.881

FDR corrected p-values were calculated using the Benjamini-Hochberg method. * Significant
before FDR correction (p < 0.05).

-L left tract, -Rright tract; IFOF Inferior Fronto-Occipital Fasciculus, SS Sagittal Stratum, PTR
Posterior Thalamic Radiation, UNC Uncinate Fasciculus, CGC Cingulum (Cingulate Gyrus),
CGH Cingulum (Hippocampus).
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Table 4. Associations between mCTQ and QA of significant tracts of interest at 2-weeks and 6-

months post-trauma.

Timepoint B t-statistic  p-values
Left Cingulum Bundle WK?2 0.03 0.37 0.714
M6 0.15 2.02 0.046*
Right Cingulum Bundle ~ WK2 -0.00 -0.02 0.987
M6 0.19 212 0.037*
Left IFOF WK2 -0.02 -0.23 0.823
M6 0.17 1.81 0.073
Right IFOF WK2 0.06 0.63 0.528
M6 0.20 2.22 0.029*

*Significant associations (p < 0.05).

IFOF Inferior Fronto-Occipital Fasciculus; WK2 2-weeks post-trauma, M6 6-months post-trauma.
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Figure 1. White matter changes after trauma are moder ated by childhood adver sity
Longitudinal correlational tractography analyses were completed to investigate the association
between mCTQ (A) and cLEC-5 (B) scores with changes in quantitative anisotropy (QA).
Across both measures, we observed significant positive associ ations between changes in QA
between 2-weeks and 6-months and childhood adversity (orange tracts), and a negative
association for mCTQ (blue tracts).
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Figure 2. White matter changes after trauma are associated with post-trauma PTSD
symptomatology. Longitudinal correlational tractography analyses were completed to
investigate the association between changes in quantitative anisotropy (QA) and PCL-5 score
changes between 2-weeks and 6-months (A) and PCL-5 scores at 12-months (B). We observed
both significant positive (orange tracts) and negative (blue tracts) associations between changes
in QA and changes in PCL-5 scores. Only positive associations (orange tracts) were observed
with 12-month PCL-5 scores.
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