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Abstract

Background: Anhedonic symptoms of posttraumatic stress disorder (PTSD) reflect deficits in 

reward processing that have significant functional consequences. Although recent evidence 

suggests that disrupted integrity of fronto-limbic circuitry is related to PTSD development, 

including anhedonic PTSD symptoms (post-trauma anhedonia; PTA), little is known about 

potential structural biomarkers of long-term PTA as well as structural changes in fronto-limbic 

pathways associated with recovery from PTA over time.

Methods: We investigated associations between white matter microstructure, gray matter 

volume, and PTA in 75 recently traumatized individuals, with a subset of participants (n = 35) 

completing follow-up assessment 12 months after trauma exposure. Deterministic tractography 

and voxel-based morphometry were used to assess changes in white and gray matter structure 

associated with changes in PTA.
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Results: Reduced fractional anisotropy (FA) of the uncinate fasciculus at around the time of 

trauma predicted greater PTA at 12 months post-trauma. Further, increased FA of the fornix over 
time was associated with lower PTA between 1- and 12-months post-trauma. Increased gray 

matter volume of the ventromedial PFC and precuneus over time was also associated with 

reduced PTA.

Conclusions: Microstructure of the uncinate fasciculus, an amygdala-prefrontal white matter 

connection, may represent a biomarker of vulnerability for later PTA. Conversely, development 

and recovery from PTA appears to be facilitated by white and gray matter structural changes in a 

major hippocampal pathway, the fornix. The present findings shed new light on neuroanatomical 

substrates of recovery from PTA and characterize white matter biomarkers of risk for 

posttraumatic dysfunction.
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Introduction

Anhedonia, or an inability to experience pleasure, emerges in a substantial number of trauma 

victims. In the immediate aftermath of trauma exposure, post-trauma anhedonia (PTA) 

symptoms are potent predictors of posttraumatic stress disorder (PTSD) development 

(Feeny, Zoellner, Fitzgibbons, & Foa, 2000; Malta, Wyka, Giosan, Jayasinghe, & Difede, 

2009). Emerging evidence suggests anhedonia is a unique PTSD symptom dimension, as 

identified in factor analytic studies of PTSD symptom expression (Liu et al., 2014; Pietrzak 

et al., 2015; Yang et al., 2017). These symptoms are orthogonal to the fear and hyperarousal 

aspects of PTSD (Armour, 2015; Breslau, Reboussin, Anthony, & Storr, 2005; Byrne, 

Harpaz-Rotem, Tsai, Southwick, & Pietrzak, 2019; Pietrzak, Goldstein, Southwick, & 

Grant, 2011; Yang et al., 2017) and are reflective of deficits in reward-related processes. 

PTA and more general reward-processing deficits have significant functional consequences, 

such as increased risk of substance use (Debell et al., 2014; Fani et al., 2020; Nickerson et 

al., 2014) and suicidality (Spitzer, Zuromski, Davis, Witte, & Weathers, 2018). Importantly, 

a majority of individuals show a general recovery from PTA over time, suggesting potential 

inherent mechanisms of resilience to chronic reward-processing deficits in response to 

psychological stress. Although a number of prospective neuroimaging studies of trauma 

have investigated potential neuromarkers of future PTSD diagnoses, few studies have 

investigated how changes in brain structure are associated with trauma recovery. 

Characterization of the neural substrates of recovery from trauma, specifically changes in 

PTA, could inform identification of neurobiological targets for early intervention strategies. 

Therefore, the present study investigated changes in brain structure associated with changes 

in PTA symptoms to shed light on the neural mechanisms that underlie risk and recovery 

from posttraumatic symptoms, and provide a fuller understanding of the neural etiology of 

trauma and stress-related disorders.

Prior work has demonstrated that PTSD is associated with alterations in white matter 

pathways that interconnects neural circuitry critical for fear- and reward-related processes 

that are dysfunctional in PTSD (Fenster, Lebois, Ressler, & Suh, 2018; Harnett, Goodman, 
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& Knight, 2020). Specifically, fractional anisotropy (FA) of the uncinate fasciculus 

(amygdala to ventromedial prefrontal cortex; PFC) and cingulum bundle (PFC to posterior 

cingulate and hippocampus) is reduced in individuals with PTSD compared to non-PTSD 

controls (Costanzo et al., 2016; Fani et al., 2016; Koch et al., 2017; Olson et al., 2017; 

Sanjuan, Thoma, Claus, Mays, & Caprihan, 2013). In addition, the fornix (which connects 

the hippocampus to deep-brain nuclei), may also be involved in PTSD; prior research has 

demonstrated increased fornix and stria terminalis FA over time within treatment-resistant 

PTSD patients (Kennis et al., 2015) and fornix FA has been found to be positively related to 

trait anxiety (Modi et al., 2013). Recent research on white matter predictors of PTSD 

demonstrated the reduced microstructural integrity of the uncinate fasciculus and dorsal 

cingulum bundle, but greater integrity of the fornix/stria terminalis, are associated with 

greater acute and long-term PTSD symptom severity (Harnett, Ference, Knight, & Knight, 

2018). Thus white matter microstructure of these pathways may play a role in the 

development and expression of posttraumatic symptoms.

Despite growing interest in characterizing white matter decrements that are associated with 

PTSD, surprisingly little prior research has linked microstructure of these tracts to PTA. In a 

previous report, we demonstrated that the presence of PTA, up to six months after a 

traumatic event, was predicted by reduced FA of the uncinate fasciculus (Fani et al., 2019). 

To our knowledge, this is the only study to directly investigate the relationship of white 

matter microstructure, including fear- and reward-related circuitry, with PTA. Research in 

other populations and with other modalities, however, suggest anhedonia symptoms may 

also be related to white matter pathways such as the cingulum and fornix. A recent study 

found that FA of the dorsal cingulum was negatively related to anhedonic symptoms in 

individuals with depression (Coloigner et al., 2019). Similarly, prior studies have suggested 

a role for the fornix in reward processing (Brown & Winocur, 1973; LeGates et al., 2018). 

The fornix provides a connection between the nucleus accumbens and hippocampus, regions 

that are involved with reward-related behaviors. Acute or prolonged stress/trauma can affect 

the strength of these connections. Thus, the fornix may play a key role in PTA within 

humans; however, limited work to date has assessed the microstructure of these tracts in 

humans in relation to PTSD. Taken together, the integrity of these white matter pathways 

may be critical to the development of PTA following a traumatic event.

A key gap in our understanding of the neurostructural correlates of PTA is the lack of 

longitudinal data assessing both changes in PTA and how these changes correspond with 

change in white matter pathways over time. In the aftermath of trauma, posttraumatic 

symptoms show changes in severity over time; these changes can be related to psychological 

recovery or deterioration (Bonanno & Mancini, 2012). However, no prior study to our 

knowledge has investigated how changes in white matter microstructure correspond with 

long-term changes in posttraumatic symptoms such as PTA. Identifying white matter 

correlates of recovery from PTA and PTSD symptoms would provide quantifiable neural 

targets for current treatment approaches. Given the prior findings implicating the uncinate 

fasciculus, cingulum bundle, and fornix in PTSD, it may be that changes in the 

microstructure of these tracts over time is associated with recovery from PTA or other 

posttraumatic symptoms.
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In the present study, we sought to investigate white matter correlates of PTA risk and 

recovery. To assess white matter markers of PTA risk, we examined the relationship between 

microstructure of select white matter tracts of interest (quantified via FA) in the acute 

aftermath of trauma and 12-months post-trauma and its relationship with both acute (~1-

month) and future (12-month) PTA. Given our prior work (Fani et al., 2019; Harnett et al., 

2018), we hypothesized that FA of uncinate fasciculus and dorsal cingulum would be 

negatively associated with 12-month PTA. We investigated white matter markers of PTA 

recovery by assessing relationships between the change in white matter FA and PTA over 

time (from 1- to 12- months post-trauma). We conducted secondary analyses of gray matter 

morphometry data to further characterize brain structure changes associated with PTA. 

Finally, we completed exploratory follow-up analyses to assess whether the observed 

relationships with PTA were distinct from other posttraumatic symptom clusters or 

otherwise associated with trait-like anhedonia.

Methods and Materials

An initial sample of 83 participants were recruited from the emergency department (ED) at 

Grady Memorial Hospital as part of a larger study investigating biological markers of PTSD 

development following trauma. Once patients signed informed consent, trained assessors 

collected demographic information and assessments of prior trauma, substance abuse, 

depression and PTSD symptoms, as well as details concerning the presenting trauma. 

Participants were queried about past and current medical conditions and medications. 

Participants who had experienced a DSM-IV criterion A trauma in the past 24 hours were 

eligible for the study but were not included if they had current suicidal ideation or attempt in 

the last 3 months, MRI contraindications (e.g., metal or implanted devices, current 

pregnancy), prior hospitalization for mental health conditions, loss of consciousness as a 

result of the trauma and/or current intoxication, or otherwise altered mental status. 

Participants were also assessed for traumatic brain injury by ED physicians using the 

Glasgow Coma Scale, and patients with scores of less than 15 were excluded from the study.

Given the present univariate analyses were focused on white matter microstructural changes, 

we excluded participants based on outliers for diffusion weighted imaging (DWI) property 

outliers. Eight participants were excluded from initial analyses due to outlier values in the 

DWI data. Therefore, 75 participants were included in initial analyses (Age: M = 35.24, SD 

= 12.53; 45 Males). A subset (n = 28) of participants in the present study were also included 

in a previous report of white matter predictors of PTA (Fani et al., 2019). The prior report 

found that acutely assessed FA of the uncinate fasciculus was a prospective marker of 6-

month PTA. In the current study, we utilized multi-scanner data collection (see Magnetic 

Resonance Imaging below) with a significantly increased sample size and assessment of 

PTA at a later timepoint (i.e., 12-months post-trauma). We also utilized a different analytic 

method to derive and analyze the DTI data, leveraging recent developments in image 

processing and deterministic tractography. Further, we assessed longitudinal changes in both 

white and gray matter structure, unlike our previous study.

Traumas experienced by participants at the time of assessment were primarily motor vehicle 

and motorcycle accidents (n = 48); other traumas included pedestrians versus automobile 

Harnett et al. Page 4

Depress Anxiety. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



incidents (n = 10) and industrial or home accidents, bicycle accidents, non-sexual assault, 

stabbing, gunshot wound, animal attack, and sexual assault (n =17). In total, 30 participants 

met diagnostic criteria for PTSD at the 1-month assessment (40%). In addition, a subset of 

35 participants’ data were available from a follow-up MRI obtained twelve months after 

trauma who had complete corresponding psychometric data (see Table 1 for clinical and 

demographic information). Nine participants included in the follow-up met diagnostic 

criteria for PTSD at the 12-month follow-up (26%). All participants provided informed 

consent as approved by the Emory University Institutional Review Boards and Grady 

Memorial Hospital Research Oversight Committee.

Psychometric assessment

Participants completed clinical assessments at both 1- and 12-months post-trauma as 

described in previous reports (Fani et al., 2019; Stevens et al., 2017; van Rooij et al., 2018). 

A modified version of the PTSD Symptom Scale (mPSS) was administered at these 

timepoints to assess the severity of posttraumatic symptom clusters, as defined in the DSM-

IV (i.e., re-experiencing, avoidance/emotional numbing, and hyperarousal) (Falsetti, 

Resnick, Resick, & Kilpatrick, 1993; Foa & Tolin, 2000). For the present study, a PTA 

subscale was derived from the mPSS as previously described (Fani et al., 2019). Briefly, 

three items reflecting loss of interest, emotional detachment and restricted range of positive 

emotion were summed to derive a PTA symptom severity score. Prior factor analytic studies 

have repeatedly demonstrated that these three items cluster together and comprise an 

anhedonia dimension of PTSD (Kashdan, Elhai, & Frueh, 2006; Liu et al., 2014; Yang et al., 

2017). Of note, in the DSM-IV, these three items are often combined with avoidance items 

to create a summed avoidance/emotional numbing subscale. We separated PTA items from 

avoidance to investigate these subscales separately. The Beck Depression Inventory-II (BDI-

II), a self-report measure of depression symptoms in the past two weeks, was also 

administered at the 1 and 12 month timepoints (Beck, Steer, & Brown, 1996). Three items 

from the BDI-II scale were combined that reflected anhedonic symptoms, as indicated by 

findings of studies that demonstrate a two factor model fit (non-anhedonic vs anhedonic 

symptoms) with this measure (Joiner, Brown, & Metalsky, 2003; Leventhal, Chasson, Tapia, 

Miller, & Pettit, 2006). The derived anhedonia subscale of the BDI was used in secondary 

analyses. Finally, participants were also asked about whether they had sought psychiatric or 

psychological help as a result of their traumatic incident at the 1 and 12-month assessments. 

These data were used in supplementary analyses to determine the potential impact of 

treatment seeking behaviors on longitudinal changes in PTA in the present sample (see 

supplemental material).

Magnetic resonance imaging

The full details of the MRI data acquisition and processing are available in the supplemental 

materials. Briefly, diffusion weighted and T1-weighted images were collected from three 3T 

Siemens MRI systems (Table S1). Motion, eddy current, and susceptibility effects in the 

diffusion weighted data were reduced using a combination of FSL, ROBEX, and ANTs 

(Andersson & Sotiropoulos, 2016; Avants, Tustison, & Song, 2009; Iglesias, Liu, 

Thompson, & Tu, 2011; Smith et al., 2004; Wang et al., 2017; Zhang, Brady, & Smith, 

2001). Q-space diffeomorphic reconstruction was completed using DSI Studio (August 2018 
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build) (Yeh & Tseng, 2011). Deterministic tractography in DSI studio was completed to 

reconstruct a priori tracts of interest from a group connectome of the 75 participants’ data 

from the 1-month assessment (Yeh, Verstynen, Wang, Fernández-Miranda, & Tseng, 2013). 

Specifically, the uncinate fasciculus, dorsal cingulum bundle, posterior (hippocampal) 

cingulum bundle, and fornix were reconstructed within the left and right hemisphere 

resulting in eight tracts bilaterally (Figure 1a). FA from these ROIs was extracted and 

averaged across hemispheres for statistical analyses.

As a follow-up to the white matter analyses, we completed a supplemental voxel based 

morphometry (VBM) analysis of the T1-weighted data using standard FSL routines (i.e., 

FSLVBM) (Andersson, Jenkinson, & Smith, 2007; Douaud et al., 2007; Good et al., 2001). 

3dttest++ in the Analysis for Functional NeuroImages (AFNI) was completed using the 1- 

and 12- month VBM data with a continuous predictor variable for the change in 

posttraumatic anhedonia and covariates for scanner effects. To correct for voxel-wise 

multiple comparisons, 3dClustSim for permutation testing within 3dttest++ was used to 

determine the corresponding cluster extent (k = 400 voxels or 3200mm3) at a cluster forming 

threshold of p = 0.005 to maintain α = 0.05.

Statistical analyses

Statistical analyses were completed using IBM SPSS version 24 and AFNI (Cox, 1996). The 

present analyses were predominately focused on identifying neural markers of risk and 

recovery from PTA. Thus we completed three separate multiple regression models asses the 

relationship between FA of our a priori white matter tracts of interest and PTA. We first 

evaluated the relationships between FA of white matter tracts (assessed during the acute 

phase) and both 1- and 12-month PTA symptoms. Multiple linear regression analyses were 

completed that included dummy-coded covariates for scanner and FA of the white matter 

tracts (assessed ~1-month post-trauma) to assess the association between FA and both 1- and 

12-month PTA (two separate models). We then assessed the relationship between changes in 

FA of white matter tracts and changes in PTA over time. A multiple linear regression was 

completed to test the relationship between changes in FA and PTA (between 1 and 12 

months). Multiple linear regression analyses were completed that included dummy-coded 

covariates for scanner and the change in FA for each white matter tract associated with the 

change in PTA scores. A nominal p-value threshold of 0.05 was used to determine statistical 

significance for our a priori models. Based on the multiple linear regressions of change in 

FA and PTA over time, we conducted an exploratory VBM analysis (described above) to 

assess the relationship between changes in gray matter volume and PTA over time. We 

further completed separate exploratory regression analyses using BDI-II anhedonia scores to 

determine if observed relationships were specific to PTA or may be more related to trait 

anhedonia. We also completed similar exploratory regression analyses for comparison with 

other posttraumatic symptom clusters in the mPSS (i.e., re-experiencing, avoidance, 

arousal).
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Results

White matter microstructural associations with 1- and 12-month PTA

Multiple regression analyses did not reveal a statistically significant relationship between FA 

of the tracts of interest and acute (i.e., 1-month) PTA (all ps > 0.05). Uncinate fasciculus FA 

was significantly negatively associated with 1-month re-experiencing symptoms (Table S2). 

Additionally, uncinate fasciculus FA varied significantly and negatively with 12-month PTA 

severity, consistent with our a priori hypothesis (Table 2). Follow-up regression analysis 

indicated no significant relationships between uncinate fasciculus FA and 12-month BDI-II 

anhedonia scores (Table S5).

White and grey matter changes associated with recovery from posttrauma anhedonia and 
other PTSD symptoms.

Regression analyses indicated that changes in fornix FA varied negatively with changes in 

PTA between 1- and 12-months (β = −0.49, p = 0.01) (Figure 1b; Table 2) but no 

relationship was observed with the change in BDI-II anhedonia scores (Table S5) or with 

PTSD avoidance symptoms (Table S3). Changes in dorsal cingulum bundle FA showed a 

significant negative relationship with changes in hyperarousal symptoms (Table S4).

As a follow-up to the white matter analyses, we also assessed gray matter volume changes 

associated with changes in PTA using VBM. Increases in gray matter volume within the 

vmPFC and the precuneus were significantly associated with reductions in PTA (β = −0.72 

and −0.57 respectively) (Tables S6–S7; Figure 2). The change in gray matter volume within 

the precuneus was also related to changes in re-experiencing symptoms such that increased 

precuneus gray matter volume over time was associated with reduced PTA over time (Table 

S7). Gray matter volume changes within the vmPFC [t(31) = −0.91, β = −0.16, p = 0.37] or 

precuneus [t(31) = −0.99, β = −0.17, p = 0.33] were not associated with the change in BDI-

II anhedonia scores.

Subgroup analyses

Of the 35 participants included in the prior analyses, 19 participants (54%) showed no 

change in PTA. We therefore completed supplementary regression analyses for the fornix, 

vmPFC, and precuneus to determine if the same effects were observed only in individuals 

that showed a change in PTA. Regression analyses included the brain region and a dummy-

coded covariate for scanner (three separate models). PTA varied significantly with changes 

in FA of the fornix [t(13) = −2.70, β = −0.59, p = 0.02] and gray matter volume of both the 

vmPFC [t(13) = −5.73, β = −0.83, p < 0.001] and precuneus [t(13) = −2.81, β = −0.59, p = 

0.02] clusters (Figures 1 and 2).

We also tested for potential gender differences in the FA or gray matter volume of the 

assessed brain regions with a series of independent-samples t-tests. We did not observe any 

gender differences in FA of the white matter tracts (all ps > 0.05). A trend-level difference in 

the change in gray matter volume of the vmPFC over time was observed [t(33) = 1.88, p = 

0.07] such that men showed greater decreases (M = −0.01, SD = 0.03), while women 

showed greater increases (M = 0.01, SD = 0.02), in vmPFC volume.
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Discussion

The present prospective study investigated neural correlates of risk and recovery from PTA 

in a sample of recently traumatized individuals recruited from the ED. We investigated the 

relationship between white matter microstructure within weeks of trauma exposure and 

long-term (12-months post-trauma) PTA symptoms. We further investigated the relationship 

between changes in PTA symptoms and in white matter microstructure over time. We 

conducted secondary analyses of gray matter volume to further characterize the structural 

correlates of recovery from PTA with a multi-modal approach. Acutely assessed (i.e., ~1-

month post-trauma) FA of the uncinate fasciculus was negatively associated with future (i.e., 

12-month) PTA symptoms. Further, increased FA of the fornix between the ~1-month and 

12-month post-trauma MRI sessions was associated with reductions in PTA between the 1 

and 12-month assessments. Secondary analyses of gray matter structural MRI data revealed 

that increases in gray matter volume of the vmPFC were also associated with reductions in 

PTA between the 1 and 12-month assessments. Notably, none of the present findings were 

also associated with hedonic capacity/trait-like anhedonia, as assessed with the BDI-II. The 

current results demonstrate that PTA, which reflects emotional numbing and social reward 

deficits that emerge following trauma, has important structural correlates, and that changes 

in brain structure may partially underlie recovery from PTA.

Consistent with our prior reports (Fani et al., 2019; Harnett et al., 2018), lower FA of the 

uncinate fasciculus was associated with greater acute (~1-month post-trauma) re-

experiencing symptoms and future (i.e., 12-months post-trauma) anhedonia symptoms. 

Importantly, changes in FA of the fornix were uniquely associated with changes in PTA 

symptoms over time. Changes in gray matter volume of the vmPFC and precuneus were also 

associated with changes in PTA. The present findings suggest that microstructure of uncinate 

fasciculus is predictive of future development of PTA symptoms. Further, recovery from 

PTA appears to be partially due to changes in the fornix, a major hippocampal structural 

pathway. These data are also largely in line with prior prospective investigations of PTSD 

which suggest that pre- and early peri-traumatic amygdala – ventromedial PFC circuitry, and 

changes in hippocampal circuitry over time, contribute to the development of posttraumatic 

dysfunction (Admon et al., 2013, 2009; Stevens et al., 2017). The findings provide novel 

insight into structural brain changes related to changes in PTSD symptoms.

In the present sample, decreases in PTA between 1- and 12- months corresponded with 

increases in microstructure (i.e., FA) of the fornix. The fornix is a white matter pathway that 

connects the hippocampus to other subcortical structures, such as the hypothalamus and 

nucleus accumbens (Kelley & Domesick, 1982). The hippocampus is critical for the 

encoding of contextual and affective information particularly for fear learning processes 

(Corcoran, 2005; Harnett et al., 2016; Phillips & LeDoux, 1992). Further, the nucleus 

accumbens is known to play a critical role in the motivation, anticipation, and pleasurable 

experience of reward (Ikemoto & Panksepp, 1999; Knutson, Adams, Fong, & Hommer, 

2001; Sabatinelli, Bradley, Lang, Costa, & Versace, 2007). Given the fornix connects these 

brain regions, the fornix may be a critical pathway for hippocampal-accumbens dependent 

reward learning and processing. In line with this view, prior research in animal models 

demonstrates that lesions of the fornix disrupt reward learning, but these behaviors may be 
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rescued with intracranial self-stimulation (Yoganarasimha & Meti, 1999). Further, 

interactions between the hippocampus and accumbens appear to underlie the formation of 

appetitive memories (Trouche et al., 2019). Taken together, the previous literature suggests 

that reduced structural connectivity (e.g., reduced fornix integrity) between the hippocampus 

and nucleus accumbens may contribute to a decreased ability to properly encode or retrieve 

the potential pleasure of stimuli and future events. The present findings suggest that 

strengthening of subcortical pathways between the hippocampus and deep-brain nuclei may 

reflect changes in reward-related processes, that in turn contribute to reductions in PTA over 

time.

PTA symptom recovery (i.e., decreased symptoms between 1- and 12-months) was also 

associated with increases in gray matter volume of both the vmPFC and precuneus. The 

vmPFC has previously been implicated in PTSD given its role in regulation of the amygdala-

mediated expression of emotional responses and the observed dysfunction in vmPFC activity 

in PTSD patients (Hayes, Hayes, & Mikedis, 2012; Motzkin, Philippi, Wolf, Baskaya, & 

Koenigs, 2015). Importantly, the vmPFC also plays a role in the assessment of reward value 

and decision-making in addition to its role in emotion regulation (Hiser & Koenigs, 2018). 

However, limited research has investigated how changes in vmPFC structure over time are 

related to changes in PTSD symptoms or reward processing. A prior study found that 

changes in the orbitofrontal cortex, proximal to the vmPFC cluster in the present report, was 

related to changes in PTSD severity (Sekiguchi et al., 2013), such that reductions in volume 

were associated with greater PTSD severity. It may be that increased synaptogenesis and 

dendritic branching, which have been associated with increased VBM (Keifer et al., 2015), 

underlies our finding of increased volume in the vmPFC over time. We propose that these 

structural findings represent increased neural plasticity in the vmPFC over time, which may 

facilitate greater assessment of reward values, and may contribute to a reversal of reward-

processing deficits and a decrease in PTA.

Our data also demonstrate the relevance of uncinate fasciculus microstructure in predicting 

future posttraumatic symptoms. The present analyses build upon previous findings 

examining acutely assessed white matter microstructure associations with PTA and other 

PTSD symptoms. First, we replicated a prior finding and observed that uncinate fasciculus 

FA was negatively correlated with acute (i.e., 1-month) re-experiencing symptoms (Harnett 

et al., 2018). The convergence of these findings in two independent samples suggest that re-

experiencing of a recent traumatic experience may be partially dependent on structural 

connectivity of the vmPFC and amygdala. Second, we extended previous findings indicating 

that uncinate fasciculus FA was predictive of 6 month PTA symptoms (Fani et al., 2019), 

showing that reduced FA of this tract was predictive of more chronic (12 month) PTA 

symptoms. While the initial report utilized diffusion tensor imaging (DTI) and probabilistic 

tractography, the present report utilized an updated processing pipeline combined with a 

model-free reconstruction and deterministic tractography approach to the diffusion weighted 

data that may outperform these other methods in some respects (Maier-Hein et al., 2017; 

Yeh et al., 2013). By pooling data across scanners, we further demonstrated the robustness 

of the predictive utility of uncinate fasciculus FA for long-term PTA with respect to both 

acquisition and processing method from the present sample. Several reports have found 
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uncinate fasciculus microstructure to vary with traditional PTSD symptom clusters 

(Costanzo et al., 2016; Harnett et al., 2018; Koch et al., 2017; Olson et al., 2017; Santhanam 

et al., 2019), although to date only one prior study has investigated its role in PTA symptoms 

(Fani et al., 2019). Further, few studies have utilized a longitudinal design to identify 

whether white matter microstructure assessed acutely post-trauma is predictive of future 

PTSD symptoms. Prior research found reduced uncinate fasciculus FA in individuals that 

developed PTSD compared to those that did not following trauma exposure (Sun et al., 

2013). Consistent with the prior research, we found that acutely assessed FA of the uncinate 

fasciculus was related to anhedonic symptoms at 12 months post-trauma. Considered in the 

context of prior literature, our findings support the potential for acutely assessed white 

matter microstructure as an informative biological marker of later posttraumatic dysfunction.

The present findings should be interpreted in light of several limitations. A portion of the 

present sample did not exhibit PTA and did not change in PTA over time. Although we 

performed follow-up regression analyses on only individuals that showed any change in 

PTA, these analyses reduced the sample size. Further, the range of variability in PTA may be 

impacted by our measure of PTA in the present study, given that it was derived from the 

avoidance/numbing subscale of the mPSS. More detailed measures of PTA may provide for 

finer resolution of the associated variability between PTA and brain structure. Another 

limitation to consider is the present sample comprised individuals presenting to an 

emergency department, most of whom were motor vehicle crash survivors. A wider range of 

trauma types (e.g., military combat or exposure to war-zones) should be included in future 

studies to assess the generalizability of these findings. Finally, follow-up data was only 

available for a small subset of participants one year following trauma exposure, and it would 

also be useful to assess participants beyond 12-months post-trauma. Specifically, although 

we observed changes in brain structure over time, it remains unclear if the observed changes 

in brain structure are persistent (e.g., last beyond 12 months).

In conclusion, we investigated white matter predictors of PTA and white and gray matter 

correlates of change in PTA symptoms over time. We found that reduced uncinate 

fasciculus FA was associated with greater acute re-experiencing and future anhedonia 

symptoms. Increases in FA of the fornix uniquely mirrored recovery in PTA over time, and 

increases in gray matter volume of the vmPFC and precuneus were further associated with 

recovery in PTA severity. Our data reveal a promising neural marker of future posttraumatic 

dysfunction and also indicate that hippocampal-accumbens structural pathways may 

partially underlie general recovery from anhedonia after trauma. Taken together, our findings 

suggest unique neural markers of risk and recovery for post-trauma anhedonia and provide 

new insights into the structural pathophysiology of PTSD.
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Figure 1. White matter tract reconstruction and associations of white matter integrity with 
recovery from posttraumatic anhedonia.
(A) Deterministic tractography was completed to reconstruct a priori tracts of interest 

(uncinate fasciculus – blue, dorsal cingulum bundle – green, posterior cingulum bundle – 

yellow, and fornix – red). (B) Changes in fractional anisotropy (FA) within the fornix were 

associated with recovery in posttraumatic anhedonia (data are 12-months minus 1-month). 

Individual dots represent participant scores for FA for the respective tracts and posttraumatic 

anhedonia and greater values represent relative increases from 1- to 12- month assessments. 

Red dots represent participants who showed a non-zero change in posttraumatic anhedonia 

from 1- to 12- months while black dots represent individuals who showed no change in 

posttraumatic anhedonia. The solid red line represents the linear line of best fit for 

participants who showed a non-zero change, while the solid blue line represents the linear 

line of best for all participants in the analysis.
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Figure 2. Gray matter volume (GMV) changes associated with recovery in posttraumatic 
anhedonia.
Individual dots represent participant scores for GMV for the cluster in the ventromedial 

prefrontal cortex (PFC) and posttraumatic anhedonia (data are 12-months minus 1-month). 

Greater values represent relative increases from 1- to 12- month assessments. Red dots 

represent participants who showed a non-zero change in posttraumatic anhedonia from 1 to 

12 months while black dots represent individuals who showed no change in posttraumatic 

anhedonia. The solid red line represents the linear line of best fit for participants who 

showed a non-zero change, while the solid blue line represents the linear line of best for all 

participants in the analysis.
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Table 1.

Demographic and clinical information

Mean (SD) or Count (%)

Age 35.24 (12.53)

Gender 45 (60%) M

30 (40%) F

Race

Black 55 (73.3%)

White 13 (17.3%)

Mixed-race 4 (5.3%)

Other 3 (4%)

Clinical Characteristics
1 month post-trauma (n=75)

mPSS total 15.35 (11.22)

⌊Anhedonia 1.97 (2.38)

⌊Re-experiencing 4.19 (3.74)

⌊Avoidance 3.51 (3.19)

⌊Arousal
12 months post-trauma (n = 62)

5.68 (3.94)

mPSS total 8.60 (10.24)

⌊Anhedonia 1.10 (2.06)

⌊Re-experiencing scores 1.81 (3.01)

⌊Avoidance scores 2.11 (2.76)

⌊Arousal scores 3.58 (3.64)

Note: mPSS = Modified PTSD Symptom Scale, M = Male, F = Female.
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Table 2.

White matter microstructural associations with PTA symptoms.

1-Month PTA 12-Month PTA Δ (12 – 1-Month) PTA

F-statistic (p-value) 0.92 (0.49) 1.29 (0.28) 2.61 (0.04)

R2 0.075 0.12 0.36

Structure
a β T-statistic (p-value) β T-statistic (p-value) β T-statistic (p-value)

Uncinate fasciculus −0.23 −1.31 (0.20) −0.37 −1.95 (0.03
+

) 0.08 0.44 (0.66)

Dorsal cingulum bundle −0.12 −0.77 (0.44) −0.08 −0.46 (0.65) −0.26 −1.61 (0.12)

Posterior cingulum bundle −0.15 −0.85 (0.40) −0.16 −0.80 (0.43) 0.33 1.88 (0.07)

Fornix/stria terminalis 0.20 1.33 (0.19) 0.26 1.58 (0.12) −0.49 −2.72 (0.01)

Note: PTA = Posttrauma anhedonia. Bold values indicate significant at p < 0.05.

+
1-tailed significance test was used.

a
For analyses of 1- and 12- month PTA, FA for each tract assessed at 1-month after trauma was the predictor variable. For analyses of the change in 

PTA, the change in FA for each tract was the predictor.
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