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Abstract

Background: Neuroimaging studies in posttraumatic stress disorder (PTSD) have

identified various alterations in white matter (WM) microstructural organization.

However, it remains unclear whether these are localized to specific regions of fiber

tracts, and what diagnostic value they might have. This study set out to explore the

spatial profile of WM abnormalities along defined fiber tracts in PTSD.

Methods: Diffusion tensor images were obtained from 77 treatment‐naive non-

comorbid patients with PTSD and 76 demographically matched trauma‐exposed

non‐PTSD (TENP) controls. Using automated fiber quantification, tract profiles of

fractional anisotropy, axial diffusivity, mean diffusivity, and radial diffusivity were

calculated to evaluate WM microstructural organization. Results were analyzed by

pointwise comparisons, by correlation with symptom severity, and for diagnosis‐by‐

sex interactions. Support vector machine analyses assessed the ability of tract

profiles to discriminate PTSD from TENP.

Results: Compared to TENP, PTSD showed lower fractional anisotropy accompanied

by higher radial diffusivity and mean diffusivity in the left uncinate fasciculus, and

lower fractional anisotropy accompanied by higher radial diffusivity in the right

anterior thalamic radiation. Tract profile alterations were correlated with symptom

severity, suggesting a pathophysiological relevance. There were no significant dif-

ferences in diagnosis‐by‐sex interaction. Tract profiles allowed individual classifi-

cation of PTSD versus TENP with significant accuracy, of potential diagnostic utility.

Conclusions: These findings add to the knowledge of the neuropathological basis of

PTSD. WM alterations based on a tract‐profile quantification approach are a po-

tential biomarker for PTSD.
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1 | INTRODUCTION

Posttraumatic stress disorder (PTSD) is a debilitating condition

characterized by avoidance, re‐experiencing, hyperarousal, and

negative cognitions and mood (American Psychiatric Associa-

tion, 2013), with major financial and public health impact

(Kessler, 2000). Pathophysiological models of PTSD have widened

focus from fronto–limbic circuitry to large‐scale distributed net-

works (Ross and Cisler, 2020) whose key components are white

matter (WM) tracts interconnecting gray matter regions (Ju

et al., 2020). Diffusion tensor imaging (DTI) measurements of WM

microstructural organization in vivo can help illuminate the pa-

thophysiology of PTSD, and have potential as diagnosis/monitor-

ing biomarkers.

DTI studies in PTSD report changes in fractional anisotropy (FA),

a metric reflecting WM microstructural organization, in areas such as

corpus callosum, cingulum, and superior longitudinal fasciculus

(Daniels et al., 2013; Ju et al., 2020; Siehl et al., 2018). However, the

reported location and nature of WM deficits varies: a recent review

noted reports of both decreased and increased FA in cingulum across

anterior, posterior, and dorsal subregions (Siehl et al., 2018). Why this

variability? Most studies recruit relatively small samples, often het-

erogeneous, for example, including patients on medication or with

psychiatric comorbidity, or including males and females without in-

vestigating sex‐by‐PTSD interaction. Furthermore, analyzing diffu-

sion metrics along a tract provides information that may be missed by

simple averaging (Yeatman et al., 2012); in trauma‐exposed non‐

PTSD (TENP) subjects this approach revealed decreased FA in the left

superior longitudinal fasciculus and increased FA in the left corti-

cospinal tract (Meng et al., 2020). Finally, comparing TENP with non‐

traumatized healthy subjects makes it difficult to identify the effects

of PTSD per se. The nature of WM alterations along fiber tracts over

the early illness course in treatment‐naïve (neither psychotherapy nor

pharmacotherapy) PTSD patients without psychiatric comorbidity

remain to be investigated.

We used a tract‐profile quantification approach to evaluate

WM microstructure in a relatively large sample of treatment‐naive

PTSD patients without psychiatric comorbidity, compared with

TENP controls, and to explore associations with symptom severity.

As recent work finds that WM tract profiles have diagnostic po-

tential (Chen et al., 2020; Dou et al., 2020), we also aimed to

explore this. Following a previous study (Wakana et al., 2007), we

selected 20 well‐defined WM tracts and analyzed the diffusion

measures along each. Based on previous evidence of disrupted

WM organization, we hypothesized that: (i) compared with TENP,

PTSD would exhibit alterations of fiber tracts previously shown to

be abnormal in PTSD (e.g., uncinate fasciculus, cortico‐spinal tract,

superior and inferior longitudinal fasciculus, and arcuate fasciculus)

which are implicated in behavioral deficits of PTSD (e.g., memory

encoding and retrieval, stress response and emotion regulation)

(Daniels et al., 2013; Hu et al., 2016; Koch et al., 2017; O'Doherty

et al., 2018; Olson et al., 2017; Siehl et al., 2020); (ii) altered WM

profiles would be associated with PTSD symptom severity; and (iii)

WM profiles could serve as neuroimaging biomarkers to distin-

guish PTSD patients from TENP controls. Finally, because being

female increases the risk of developing PTSD (Tang et al., 2017)

and there are possible differential effects of sex onWM alterations

(Hsu et al., 2008), we (iv) analyzed sex‐by‐PTSD diagnosis

interactions.

2 | MATERIALS AND METHODS

2.1 | Participants

Individuals who survived the 8.0 magnitude earthquake in Sichuan in

May 2008 were recruited between January and August 2009 and

screened with the PTSD checklist‐Civilian Version (PCL) (Weathers

et al., 1994). At follow‐up visits 8–15 months after the earthquake,

the diagnosis of PTSD was based on the Structured Clinical Interview

for the DSM‐IV Diagnosis (SCID) (First et al., 1994) and symptom

severity was assessed using the Clinician‐Administered PTSD Scale

(CAPS) (Blake et al., 1995). Detailed inclusion and exclusion criteria

are provided in Online Supporting Information. Briefly, survivors

scoring ≥ 35 on PCL and ≥ 50 on CAPS were included as PTSD if a

diagnosis of PTSD was determined by SCID; those who scored < 35

on PCL without diagnosis of PTSD by SCID were considered TENP

controls. Finally included were 77 treatment‐naive noncomorbid

patients with PTSD and 76 demographically‐matched TENP controls.

This recruitment strategy ensured that participants with and without

PTSD had similar earthquake experiences and demographic char-

acteristics. This study was approved by the Sichuan University Re-

search Ethics Committee. All participants provided written informed

consent.

2.2 | Data acquisition

The magnetic resonance imaging (MRI) data were acquired on a

three Tesla MRI system (GE EXCITE) with an 8‐channel phased

array head coil. DTI images were obtained with 15 noncollinear

directions (b = 1000 s/mm2) plus an acquisition without diffusion

weighting (b = 0) with repetition time (TR) 12,000 ms, echo time

(TE) 70.8 ms, slice thickness 3 mm, 50 slices, number of excitations

2, matrix size 128 × 128 and field of view (FOV) 24 × 24 cm2. High‐

resolution T1‐weighted anatomical images were acquired with a

sagittal three‐dimensional spoiled gradient recall sequence withTR

8.5 ms, TE 3.4 ms, inversion time 400 ms, slice thickness 1 mm,

156 axial slices, no inter‐slice gap, matrix size 256 × 256, FOV

24 × 24 cm2, and flip angle 12°. Foam cushions minimized head

motion. An experienced neuroradiologist verified the quality of

acquired images. We calculated head motion from the DTI data to

exclude participants showing >2 mm displacement or translation in

the x, y, or z directions, or >2° rotation around the x, y, or z axes;

measured head motion did not differ between patients and con-

trols (details in Table S1).
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2.3 | Imaging processing and automatic tract
identification

Routine DTI preprocessing, including brain extraction, head motion,

and eddy current correction and diffusion tensor model fitting, was

performed using FMRIB Software Library (FSL) (http://www.fmrib.ox.

ac.uk/fsl). Automated Fiber Quantification software (Yeatman

et al., 2012) was used to identify 20 WM tracts in each participant

using the Johns Hopkins University WM template (http://neuro.

debian.net/pkgs/fsl-jhu-dti-whitematter-atlas.html); as detailed pre-

viously (Yeatman et al., 2012) this involved whole‐brain deterministic

fiber tractography, waypoint region of interest‐based tract segmen-

tation, probability map–based tract refinement, outlier‐rejection‐

based tract cleaning, and quantification of diffusion measures along

each tract at 100 equally‐spaced points. Tracts included the left and

right anterior thalamic radiation, cingulum hippocampus, cingulum

cingulate, corticospinal tract, superior longitudinal fasciculus, inferior

longitudinal fasciculus, inferior fronto‐occipital fasciculus, arcuate

fasciculus, uncinate fasciculus, the forceps major of the splenium, and

the forceps minor of the genu of the corpus callosum. Tracts were

smoothed using a 10‐point moving average filter.

2.4 | Statistical analysis

FA was compared between PTSD and TENP pointwise using the

Randomize program in FSL as described previously (Sun et al., 2015).

In brief, the tract profiles from each participant were arranged in a

single matrix. These matrices were fed into permutation‐based sta-

tistical analysis with 10,000 random permutations. Familywise error

(FWE) correction for multiple comparisons was applied to determine

the statistical significance thresholded at p < .05 (see Figure S1 for a

flowchart). To probe the contributors to FA change, post hoc com-

parisons of axial diffusivity (AD), mean diffusivity (MD), and radial

diffusivity (RD) were performed where FA differences were

significant. All diffusion measures were compared along the tract

profiles. PTSD diagnosis‐by‐sex interaction was analyzed using two‐

way analysis of variance (ANOVA); if statistically significant interac-

tions were observed, post hoc contrasts assessed the simple main

effects. Partial correlation analysis was performed between the mean

tract profiles (derived from the portion of the tracts which showed

significant group differences) and CAPS and PCL scores to evaluate

relationships between fiber tract microstructural organization and

clinical symptom severity, with age, sex, years of education and time

since trauma as covariates. Multiple comparison correction used the

Bonferroni correction.

Exploratory support vector machine (SVM) analyses assessed how

tract profiles could detect PTSD versus TENP at the individual level. By

finding the hyperplane maximizing the margin between binary classes in

the feature space, SVM can learn the classification strategy from the

training set and utilize it to predict individual classification in a validation

sample. Tract profiles of each participant were vectorized as features for

model training. Five‐fold stratified cross‐validation was performed to split

training and testing sets. The linear kernel was used to avoid overfitting.

Classification performance was examined by average accuracy, sensitivity,

and specificity based on testing sets across 5 folds. More details are

provided in Online Supporting Information.

For a whole‐brain WM analysis, Tract‐Based Spatial Statistics

(TBSS) was applied to compare the groups. Details and results are

given in Online Supporting Information.

3 | RESULTS

3.1 | Group differences in demographics and
clinical symptoms

Table 1 summarizes the demographic and clinical data of the 77

PTSD patients (mean ± SD age 42.3 ± 10.2 years, 52/25 women/men)

and 76 TENP controls (age 43.7 ± 10.0 years, 56/20 women/men).

TABLE 1 Demographics and clinical
characteristics of participantsa

Variables TENP (n = 76) PTSD (n = 77) p

Age (years)b 43.7 ± 10.0 (20–64) 42.3 ± 10.2 (19–65) .38c

Sex (male/female) 20/56 25/52 .48d

Years of educationb 6.6 ± 3.4 (0–12) 6.9 ± 3.2 (0–16) .51c

Time since trauma (months)b 11.6 ± 2.3 (8–15) 11.2 ± 2.3 (8–15) .35c

PTSD checklist 28.1 ± 6.9 (18–54) 47.3 ± 13.4 (21–80) <.001c

CAPS 22.7 ± 11.5 (3–48) 63.1 ± 9.3 (51–95) <.001c

Co‐morbid diagnoses 0 0

Abbreviations: CAPS, Clinician‐administered PTSD scale; PTSD, posttraumatic stress disorder; SD,
standard deviation; TENP, trauma‐exposed non‐PTSD controls.
aData are presented as mean ± SD (minimum‐maximum) unless noted.
bAge, years of education, and time since trauma at the time of MRI scanning.
cp value obtained using two‐sample two‐tailed t‐test.
dp value calculated using two‐tailed χ2‐test.
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There were no significant between‐group differences in age, sex,

years of education, or time since trauma (p > .05).

3.2 | Pointwise comparison of tract profile
alterations in TENP and PTSD

Figures S2–S5 show FA, AD, MD, and RD tract profiles for each

participant group. Figure 1 and Table 2 show tract segments with

significant between‐group differences in tract profiles (FWE correc-

tion, p < .05). Compared to TENP, PTSD showed significantly

decreased FA accompanied by increased RD and MD in the insular

portion of the left uncinate fasciculus (nodes 27–44, Figure 1a), and

decreased FA accompanied by increased RD in the posterior compo-

nent of the right anterior thalamic radiation (nodes 84–90, Figure 1b).

Figure 2 shows mean values for the tract segments showing sig-

nificant between‐group differences. AD tract profiles did not sig-

nificantly differ between PTSD and TENP (p > .05).

3.3 | Interaction between groups and sex with
respect to tract profiles

Two‐way ANOVA revealed no significant diagnosis‐by‐sex interac-

tion in FA (p = .53), MD (p = .84), or RD (p = .88) in the left uncinate

fasciculus, or FA (p = .07) or RD (p = .30) in the right anterior thalamic

radiation.

3.4 | Correlations between alterations in WM
measures and symptom severity

As all subjects had experienced a major life trauma, with PTSD de-

termined by the persistence and severity of psychological symptoms,

F IGURE 1 Point‐wise comparison of white matter tract profiles betweenTENP controls and PTSD patients. The left panels show, for each tract as
labeled, a three‐dimensional rendering derived from automated fiber tract quantification software for a single representative participant. The right panels
show the corresponding group tract profiles (blue for TENP, red for PTSD; solid lines showing means, shaded areas representing SDs). Each tract was
divided into 100 equal segments (X axis) and tract profiles (Y axis) and scaled in the same way across tracts. The bars * under the fiber tracts indicate tract
regions with pairwise white matter profiles of significant differences between TENP controls and PTSD patients. The x‐axis represents the location
between the beginning and termination waypoint regions of interest, following the Johns Hopkins University white matter template convention. FA,
fractional anisotropy; MD, mean diffusivity; PTSD, posttraumatic stress disorder; RD, radial diffusivity; SD, standard deviation; TENP, trauma‐exposed
non‐PTSD

TABLE 2 Regions across the 20 fiber tracts where white matter
measures differ significantly between PTSD patients and TENP
controls

Diffusion measures/fiber tracts TENP PTSD

Left uncinate fasciculus
(Nodes 27–44)

Fractional anisotropy 0.424 ± 0.064 0.394 ± 0.051

Radial diffusivity 0.525 ± 0.082 0.560 ± 0.062

Mean diffusivity 0.696 ± 0.079 0.723 ± 0.064

Right anterior thalamic radiation
(Nodes 84–90)

Fractional anisotropy 0.454 ± 0.058 0.424 ± 0.048

Radial diffusivity 0.540 ± 0.056 0.567 ± 0.055

Note: Measurements presented as mean ± SD. Regions were considered
abnormal if they exhibited significant between‐group differences (p < .05)

using permutation‐based analysis (10,000 permutations) in FSL
Randomize. Nodes are defined by dividing each tract into 100 equal
segments between the beginning and termination waypoint regions of
interest along the given tract.

Abbreviations: PTSD, posttraumatic stress disorder; TENP, trauma‐
exposed non‐PTSD controls.
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the two subject groups were pooled to explore correlations between

the mean tract profiles and PTSD symptom severity. As Figure 3 shows,

there were moderate negative correlations between CAPS scores and

mean FA over nodes 27–44 of the left uncinate fasciculus (r = −0.267,

p = .002, Figure 3a), and mean FA for nodes 84–90 in the right anterior

thalamic radiation (r = −0.343, p< .001, Figure 3b), as well as a positive

correlation between CAPS scores and mean RD derived from nodes

27–44 in the left uncinate fasciculus (r = .245, p = .004, Figure 3c), and

mean RD for nodes 84–90 in the right anterior thalamic radiation

(r = .247, p= .004, Figure 3d), which survived Bonferroni correction

(p = .05/[5 tract profile findings × 2 clinical symptoms] = 0.005). There

were no significant correlations between CAPS score and mean MD for

nodes 27–44 of left uncinate fasciculus.

There were no statistically significant relationships between PCL

scores and tract profile alterations in PTSD or TENP (p > .05).

3.5 | Single‐subject classification of TENP controls
versus PTSD patients

Table S2 shows the results of the SVM based point‐wise on the tract

profiles. The mean balanced accuracy of classifications of TENP

versus PTSD were all above chance; the AD profile showed the best

performance with mean balanced accuracy 73.8%, sensitivity 59.5%,

and specificity 88.2%.

4 | DISCUSSION

We used automated fiber quantification to examine localized aber-

rations of WM microstructure in PTSD, and investigated their asso-

ciation with symptom severity, their diagnosis‐by‐sex interaction, and

their potential as diagnostic biomarkers. The main findings were as

follows: (i) PTSD compared with TENP showed disrupted WM pro-

files in the left uncinate fasciculus and right anterior thalamic radia-

tion; (ii) these tract profile alterations were related to symptom

severity, but (iii) showed no significant interactions between groups

and sex; (iv) using tract profiles, the mean balanced accuracy of

classifications of TENP versus PTSD were all above chance. This

study adds to understanding of altered brain WM microstructure and

its spatial localization in PTSD, and reveals potential biomarkers in

diagnosis. We now discuss some specific findings.

Decreased FA and increased RD and MD in the insular portion of left

uncinate fasciculus. The uncinate fasciculus is a ventral associative

bundle connecting the anterior temporal and orbitofrontal regions

involved in emotion regulation and memory formation (Von Der

F IGURE 2 Mean values of the tract segments showing significant group differences between PTSD patients and TENP controls. *Indicates a
statistical difference between groups, p < .05. AD, axial diffusivity; ATR, anterior thalamic radiation; FA, fractional anisotropy; MD, mean
diffusivity; PTSD, posttraumatic stress disorder; RD, radial diffusivity; TENP, trauma‐exposed non‐PTSD; UF, uncinate fasciculus
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Heide et al., 2013). Disrupted uncinate fasciculus microstructural

organization has been related to impaired extinction learning, and the

misinterpretation of social‐emotional stimuli which may underpin

avoidance behaviors in PTSD (Koch et al., 2017). Our study, and

previous research (Costanzo et al., 2016; Harnett et al., 2020;

O'Doherty et al., 2018), found disrupted organization in the uncinate

fasciculus to be associated with symptom severity, suggesting a pa-

thophysiological relevance. Consistent with this, a recent pilot trial

reported a PTSD patient successfully treated with uncinate fasciculus

deep brain stimulation (Hamani et al., 2020). A review of uncinate

fasciculus development suggested that early life stress may be re-

lated to impaired WM microstructural organization owing to the

vulnerability of limbic regions to stress hormones (Olson et al., 2015).

Most studies have not emphasized specific regions of the uncinate

fasciculus; automated fiber quantification allowed us to localize most

of the changes to the insular portion.

Decreased FA and increased RD in the right anterior thalamic radiation.

The anterior thalamic radiation connects the dorsomedial and anterior

thalamic nuclei with the prefrontal cortex, passing through the anterior

limb of the internal capsule (Coenen et al., 2012), which has a role in the

expression of emotions (Spalletta et al., 2013). Decreased FA in the

anterior thalamic radiation has been previously reported in PTSD

(Hu et al., 2016). This is also compatible with our previous finding of

decreased functional connectivity in regions connected by fiber tracts

(e.g. medial frontal cortex and thalamus); this may contribute to failed

extinction memory and extinction retention and persistent excessive

fear responses in PTSD (Yin et al., 2011). However, increased FA is

reported in the right anterior thalamic radiation in PTSD relative to

TENP (Yeh et al., 2020). A potential factor in suchWM differences is the

age of trauma (Siehl et al., 2018). All our patients experienced earth-

quake trauma in adulthood, while some studied by Yeh et al. experi-

enced trauma below the age of 18 (Yeh et al., 2020). Note that although

all participants experienced similar earthquake trauma, we cannot

completely rule out the potentially confounding effects of childhood

trauma exposure, as no specific standard scales (e.g., Childhood Trauma

Questionnaire) were used to assess this. Our results need to be con-

firmed in future studies with a comprehensive evaluation of adulthood

and childhood trauma.

Different WM microstructural organization markers. FA indicates

the directionality of water diffusion, while MD measures the rate of

water diffusion averaged in all directions. Loss of microstructural

organization is typically accompanied by a decrease in FA and/or an

increase in MD. AD and RD reflect water diffusion along the principal

and perpendicular diffusion directions, respectively; AD is more

sensitive to axonal damage, RD to myelin loss (Song et al., 2002). Low

FA in left uncinate fasciculus and right anterior thalamic radiation was

F IGURE 3 Relationships between the white matter tract profile alterations (mean values derived from the nodes significantly different
between groups) and CAPS scores in the combined PTSD and TENP groups. ATR, anterior thalamic radiation; CAPS, clinician‐administered PTSD
scale; FA, fractional anisotropy; PTSD, posttraumatic stress disorder; RD, radial diffusivity; TENP, trauma‐exposed non‐PTSD; UF, uncinate
fasciculus
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accompanied by high RD (which seems to be related to demyelination

[Harsan et al., 2007]) rather than low AD (which is taken to indicate

axonal loss (Budde et al., 2009)). Stress‐related demyelination is a

feature of animal models of PTSD (Hemanth Kumar et al., 2014), so

our findings may implicate myelin changes as underlying these subtle

microstructural abnormalities in microstructural organization.

We did not find PTSD‐related effects in the cortico‐spinal tract,

superior and inferior longitudinal fasciculus, and arcuate fasciculus, as

some studies have (Choi et al., 2009; Hu et al., 2016; McCunn

et al., 2021; Olson et al., 2017). These contradictory results may be

explained by differences in the control group used (non‐traumatized

healthy controls vs. trauma‐exposed normal controls), trauma type,

duration of PTSD, comorbidities, and medication status (Ju

et al., 2020), and technical differences in DTI acquisition and analysis.

We found no significant group‐sex interaction with respect to tract

profiles. Both presence and absence of diagnosis‐by‐sex interaction

have been reported in PTSD (De Bellis & Kuchibhatla, 2006; Dennis

et al., 2021; Luo et al., 2019), again, perhaps because of patient het-

erogeneity or technical factors. Few studies have directly investigated

sex effects on brain structure in trauma‐exposed cohorts (De Bellis &

Keshavan, 2003; Klabunde et al., 2017). Sex differences have been re-

ported in brain development in PTSD secondary to child abuse (De Bellis

& Keshavan, 2003); however, changes in WM microstructure vary with

age at traumatic experience (Siehl et al., 2018). Further studies are

needed to define these effects in adults with trauma experience.

Significant correlations were found between diffusion measures

and CAPS scores, but not with PCL. In terms of pathophysiology, this

perhaps reflects the difference between a self‐reported symptom

inventory (PCL) and a structured clinical interview (CAPS). Clinically,

their uses differ: structured interviews are recommended to establish

a PTSD diagnosis, while self‐report scales are better used to track

changes in symptoms over time. In addition, PCL can evaluate early

stress symptom severity before a PTSD diagnosis can be established

after the required 1‐month period, but questions have been raised

regarding its specificity (McDonald et al., 2015).

This study revealed altered WM tract profiles which were asso-

ciated with symptom severity, but whether tract profiles can serve as

practical imaging biomarkers for individual patients is not yet clear.

Promisingly, the mean balanced accuracy of classifications of TENP

controls versus PTSD patients were all above chance. Machine learning

is far from becoming a routine tool in clinical practice, but it may help to

meet the urgent needs of clinical psychiatry by helping to develop

imaging‐based diagnostic biomarkers of early disease; this is a key aim of

psychoradiology (Gong, 2020; Gong et al., 2021; Huang et al., 2019; Lan

et al., 2021; Li et al., 2021; Lui et al., 2016; Pan et al., 2021; Suo

et al., 2021), the emerging radiological subspecialty guiding diagnosis

and treatment decisions in neuropsychiatric patients. Future studies

should explore whether our findings are specific to PTSD, rather than

trans‐diagnostic features of psychiatric disorders.

Our study has limitations. First, it was cross‐sectional: how WM

microstructure changes after major life stress evolve and predict future

PTSD conversion must be addressed in longitudinal studies. Second,

the correlations between altered tract profiles and CAPS scores were

relatively modest, so this analysis should be considered exploratory.

Third, the purpose of our research was to determine WM micro-

structure characteristics that distinguish stressed individuals who do

and do not develop PTSD. Without a parallel group of non‐traumatized

individuals, we cannot identify differences between these two groups

and healthy controls, to identify how major life stress itself impacts

WM microstructural organization. Fourth, our sample was homo-

geneous in that all subjects were exposed to the earthquake; however,

one should be cautious in generalizing our findings to PTSD caused by

other types of trauma. Fifth, the accuracy of the SVM classification

methods was not particularly high, and better performance may be

achieved via other advanced techniques such as deep learning, al-

though these typically involve higher levels of abstraction and com-

plexity and the computation of a large number of parameters that

requires a bigger sample (Vieira et al., 2017). Sixth, studying partici-

pants free from psychiatric comorbidity improved sample homo-

geneity, but leaves open whether our findings generalize to PTSD with

psychiatric comorbidities. Additionally, some confounding factors, for

example, childhood trauma (Morey et al., 2016; Sun et al., 2019),

cannot be excluded in our analysis. Finally, cognition deficits are a new

focus in PTSD research; we did not include any cognitive evaluation.

Future studies should address these issues.

5 | CONCLUSION

Using a tract‐profile quantification approach and SVM analyses, this

study detected altered diffusion metrics of fiber tracts in PTSD patients,

providing evidence of abnormal WM microstructure in the left uncinate

fasciculus and right anterior thalamic radiation, which were associated

with symptom severity, but with no significant interaction between

groups and sex. Our findings provide a more detailed understanding of

WM changes in PTSD with potential as diagnostic biomarkers.
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