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Background: Abnormalities in prespecified and empirical white matter tracts in young

patients with anxiety-related disorders have been reported in some diffusion tensor

imaging (DTI) studies. However, with few literatures examining the association between

the integrity of whole brain white matter and trait anxiety levels in the non-clinical

populations, whether white matter changes arise in young healthy individuals with high

trait anxiety remains unknown.

Methods: We examined whole brain white matter alterations in young healthy individuals

with high anxiety but without history of neurological or psychiatric disorders via DTI

technology. Group comparison of tract-based spatial statistics (TBSS) was performed

to investigate the microstructural diffusion alterations in 38 high anxious subjects in

comparison with 34 low anxious subjects matched with age, gender, and degree of

education. These analyses controlled for depression to establish specificity to trait

anxiety.

Results: Young healthy subjects with high trait anxiety had significantly decreased

fractional anisotropy (FA) values in multiple clusters, including corona radiate (CR),

anterior thalamic radiation (ATR), inferior fronto-occipital fasciculus (IFOF), bilaterally,

body, genu, and splenium of corpus callosum (CC) and forceps minor, compared with

low trait anxious subjects. For the abnormal FA regions, the other diffusion metrics were

also altered slightly.

Conclusions: Non-clinical individuals with high anxiety already have white matter

alterations in the thalamus-cortical circuit and some emotion-related areas that were

widely reported in anxiety-related disorders. The altered white matter may be a

vulnerability marker in individuals at high risk of clinical anxiety. These findings can deepen

our understanding of the pathological mechanism of anxiety and further support the need

for preventive interventions in high anxiety individuals.

Keywords: trait anxiety, young healthy individuals, diffusion tensor imaging, tract-based spatial statistical analysis,

corona radiate, corpus callosum

https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://www.frontiersin.org/journals/neurology#editorial-board
https://doi.org/10.3389/fneur.2018.00704
http://crossmark.crossref.org/dialog/?doi=10.3389/fneur.2018.00704&domain=pdf&date_stamp=2018-08-24
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles
https://creativecommons.org/licenses/by/4.0/
mailto:clyang@bjut.edu.cn
https://doi.org/10.3389/fneur.2018.00704
https://www.frontiersin.org/articles/10.3389/fneur.2018.00704/full
http://loop.frontiersin.org/people/570767/overview


Lu et al. High-Anxious Populations’ White Matter Alterations

INTRODUCTION

Trait anxiety is a personality dimension characterizes by a long-
term negative state, represents fear and worrying about future
events, and often comes with many functional consequences,
such as increased distractibility and attentional bias in favor of
threat-related information (1). Appropriate anxiety has a positive
effect on facing stress; it can fully mobilize the function of body
organs and suitably improve the vigilance and brain response
(2). However, individuals may have a high risk of developing
numerous anxiety-related disorders, such as generalized anxiety
disorder, obsessive-compulsive disorder (OCD), social anxiety
disorder, post-traumatic stress disorder (PTSD), and panic
disorder when they experience anxiety excessively and regularly
(2). Anxiety is not only manifested by patients with clinical
disorders but also in normal populations and is generally
evaluated by Spielberger’s State-Trait Anxiety Inventory (3).
Anxiety arises in the context of gradual maturational changes
in the brain (4). Thus, improved understanding of the
pathophysiology and etiology of young healthy individuals with
trait anxiety is expected to have a positive effect on personal and
public health.

Previous structural and functional imaging studies in anxiety-
related disorders heavily focused on the prespecified pathways
[e.g., interplay between the amygdala and prefrontal cortex
(PFC)] related to the regulation of emotion (5). Hence, the
region of interest (ROI) method is generally applied in magnetic
resonance imaging (MRI) studies on anxiety. Functional findings
indicated that anxiety levels are negatively correlated with the
activity of rostral anterior cingulate cortical and lateral PFC,
particularly the processing of task-irrelevant and threat-related
stimuli (6). Huggins et al. (7) showed that functional connectivity
between the right insular cortex and posterior cingulate cortex is
significantly correlated with the trait anxiety of undergraduates.
Another volumetric study found a positive correlation of the
volumes of the left amygdala and right hippocampus with trait
anxiety (8). Meanwhile, white matter tracts can control complex
behaviors as the links between the proximal and distal graymatter
in different brain regions (9). The above-mentioned functional
and morphological varieties further proved the importance of
assessing the integrity of white matter tracts in young healthy
individuals with trait anxiety.

DTI (10) is a non-invasive imaging technique used in
investigating microscopic architecture details of either normal
or diseased tissues; it enables the measurement of the diffusion
properties of water molecules (11). Previous studies reported
the possible relationship between trait anxiety and DTI-derived

Abbreviations: DTI, diffusion tensor imaging; TBSS, tract-based spatial statistics;
FA, fractional anisotropy; MD, mean diffusivity; AD, axial diffusivity; RD, radial
diffusivity; OCD, obsessive-compulsive disorder; PTSD, post-traumatic stress
disorder; PFC, prefrontal cortex; MRI, magnetic resonance imaging; BDI, Beck
Depression Inventory; CRT, combined Raven’s matrices test; HTA, high trait
anxiety; LTA, low trait anxiety; MNI, Montreal Neurological Institute; TFCE,
threshold-free cluster enhancement; CR, corona radiate; ACR, anterior CR; CC,
corpus callosum; ATR, anterior thalamic radiation; IFOF, inferior fronto-occipital
fasciculus; SLF, superior longitudinal fasciculus; UF, unicinate fasciculus.

indices of some specified fiber tracts in subjects with anxiety-
related disorders. Lochner et al. (12) demonstrated that patients
with OCD have abnormal FA and MD values in the anterior
limb of the internal capsule, anterior limb near the head of the
caudate, and cingulum when compared with healthy controls.
Kim andWhalen (13) showed a negative correlation between trait
anxiety scores and mean FA values of the identified amygdala–
ventromedial PFC pathway. Moreover, Baur et al. (14) drew a
similar conclusion after examining a pooled sample consisting
of patients with social anxiety disorder and healthy controls,
although they did not observe such correlation among healthy
controls. Despite the fact that a large body of literature related
to anxiety-related disorders and white matter tracts are available,
the relationship of trait anxiety in young healthy persons with
the integrity of whole brain white matter is rarely studied. Hence,
we hypothesized that cerebral white matter changes have already
occurred in young healthy populations with high trait anxiety.
Premorbid white matter abnormalities are potential vulnerability
markers for trait anxiety and thus can be useful to populations at
high risk of anxiety-related disorders.

In our present study, we applied TBSS (15) (https://fsl.
fmrib.ox.ac.uk/fsl/fslwiki/TBSS) to investigate the changes in the
integrity of the whole brain white matter in young healthy
subjects with high trait anxiety scores and those with low trait
anxiety scores. The purpose of TBSS are to extract an individual’s
white matter skeleton and to align and compare the differences
amongDTImetrics in skeleton of the groups. It can automatically
analyze the entire brain white matter skeleton and prevents
subjectively brain regions selection. We aimed to assess whether
the integrity of the entire brain white matter is altered in young
healthy subjects with high trait anxiety.

MATERIALS AND METHODS

Participants
A total of 72 righted-handed and healthy undergraduates
or postgraduates from the Southwest University Longitudinal
ImagingMultimodal (SLIM) Brain Data Repository (China) were
selected for the study (http://fcon_1000.projects.nitrc.org/indi/
retro/southwestuni_qiu_index.html) (16). All the participants
were fluent in Chinese. Clinical information and behavioral
variables were obtained, and the Spielberger’s State-Trait Anxiety
Inventory, the Beck Depression Inventory (BDI) (17), and the
combined Raven’s matrices test (CRT) (18) were all measured.
The CRT can reflect the ability to make a rational judgment and
is less affected by individuals’ knowledge and education level.
On the basis of individual trait anxiety scores, we selected the
participants who scored either ≥50 or ≤30 (19) and they were
divided into two groups, namely the high trait anxiety (HTA)
group (ages ranging from 18 to 25) and low trait anxiety (LTA)
groups (ages ranging from 18 to 26). The participants conformed
to the MRI scanning standard and had no history of neurological
or psychiatric disorders or substance abuse according to the self-
report questionnaires they answered before the scan. Informed
written consent was obtained from each participant prior to
the study. The procedures of consent and experiments were
approved by the Research Ethics Committee of the Brain Imaging
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Center of Southwest University and agreed with the standards of
the Declaration of Helsinki (1989).

Procedures
Image Data Acquisition
Diffusion tensor images were collected at the Southwest
University Center for Brain Imaging by using a 3.0-T Siemens
Trio MRI scanner (Siemens Medical, Erlangen, Germany).
The diffusion tensor data for each subject were obtained by
using a diffusion-weighted, single-shot spin-echo EPI sequence
(repetition time= 11,000ms, echo time= 98ms; matrix= 128×
128; field of view= 256× 256 mm2; voxel size= 2.0× 2.0× 2.0
mm3; 60 axial slices with 2.0mm slice thickness), which provided
30 diffusion-encoding gradient directions with a b-value of 1,000
s/mm2 and a single measurement without a diffusion-weighting
gradient (b = 0 s/mm2). We scanned the subjects three times to
increase the signal-to-noise ratio in the scanning sequence. The
final NIFTI files had 93 volumes, and the directions and b-values
can be found in the bval and bvec files.

Image Analysis

Data analysis
All scans were processed by using the PANDA software (20),
which is aMATLAB toolbox that integrates FSL (https://fsl.fmrib.
ox.ac.uk/fsl/fslwiki), Diffusion Toolkit (http://www.trackvis.org/
dtk/), and MRIcron (https://www.nitrc.org/projects/mricron).
Then, the following steps were performed: (1) Quality check:
images that showed excessive movements were considered
damaged and of poor quality and were thus removed. (2) Brain
extraction and estimate mask: deletion of non-brain tissues and
estimation of brain mask. (3) Crop and eddy current/motion
correction: the redundant parts of the images were cropped for
memory reduction; images were corrected for the elimination
of movements and eddy current-induced distortions. (4) DTI
metric calculation: diffusion tensor fitting and diffusion metrics,
including FA, MD, AD and RD were calculated with FSL DTIFit.
(5) Spatial normalization: the diffusion metrics were normalized
spatially to Montreal Neurological Institute (MNI) space by FSL
FNIRT.

TBSS analysis
First, we non-linearly registered all DTI metrics maps to align
them to the target image by selecting predefined target image
with the 1 × 1 × 1 mm3 resolution in the standard space. Next,
all the subjects’ DTI metric images in the MNI152 space were
merged into a single 4D image containing FA, AD, RD, and MD.
Moreover, a mean FA image obtained by averaging all resampled
FA images were skeletonized automatically into a group skeleton
map. To exclude voxels in the graymatter and cerebrospinal fluid,
we thresholded the mean FA skeleton image with a default value
of 0.2. Then, a distance map was created. The distance from the
individual voxel to the skeleton was used in the projection of
DTI metrics values onto the original mean FA skeleton [see the
TBSS paper for more detail (15)]. Hence, DTI metric images of
all subjects in the WM skeleton were generated and computed in
the next statistics step.

Statistical Analysis
Demographic characteristics and aspects of behavioral data were
analyzed with IBM SPSS Statistics 20.0 for Windows. Then,
we performed unpaired two-sample t-test for age, TAI, SAI,
BDI, and CRT scores and χ

2 tests for gender to investigate
whether the two groups significantly differed with regard to
self-rating scores (TAI, SAI, BDI, and CRT) and demographic
characteristics (gender and age), respectively. The correlations
among the behavioral scores were then evaluated by Spearman
correlation. A p-value of <0.05 was considered statistical
significant.

We performed voxel-wise analyses by using randomization
(21), which is a FSL’s tool for non-parametric permutation
inference on neuroimaging data. It allows modeling and
inference through the use of a standard general linear model
[GLM (https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/GLM)] design. The
effects of trait anxiety on FA, MD, AD, and RD were tested by
modeling GLM that allowed BDI to covary. The DTI metrics
were calculated by the model, in which the difference between
the two groups was adjusted for covariate. The correlations
between TAI and BDI scores were significant. We controlled
depression by using the BDI scores as covariates in the GLM.
A total of 5000 permutations were performed for each contrast.
The p-value images, which were fully corrected by threshold-
free cluster enhancement (TFCE) (22), were thresholded at
p < 0.05.

RESULTS

Demographic Characteristics and
Behavioral Data
Group differences in demographic characteristics and behavioral
data are shown in Table 1. The groups did not differ significantly
with respect to age, gender, and CRT. The HTA group had higher
SAI and BDI scores than the LTA group. In the correlation test of
behavioral scores, significant correlations among TAI, SAI, and
BDI were observed (Table 2).

TABLE 1 | Means and SDs of demographic, behavioral data for both anxiety

groups.

Characteristic Group; mean (SD) Test statistic P-value

HTA (N = 38) LTA (N = 34)

TAI 54.5 (2.628) 26.177 (2.516) t = 46.58 <0.001

Age 20.237 (1.3840) 20.471 (2.078) t = −0.567 0.572

Gender

(male/

female)

19:19 14:20 χ
2
=0.563 0.453

SAI 43.026 (9.356) 24.882 (3.883) t = 10.947 <0.001

BDI 13.421 (7.366) 2.294 (2.877) t = 8.608 <0.001

CRT 66.263 (4.157) 66.088 (3.108) t = 0.204 0.839

TAI, Trait Anxiety Inventory; HTA, High Trait Anxiety; LTA, Low Trait Anxiety; SAI, State

Anxiety Inventory; BDI, Beck’s Depression Inventory; CRT, Combined Ravens Matrices

Test.
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TABLE 2 | Spearman correlation.

Variables TAI SAI BDI CRT

SAI 0.804*

BDI 0.778* 0.743*

CRT 0.03 0.226 −0.068

Age −0.015 −0.093 0.04 −0.119

* indicates p < 0.05.

TBSS Analysis
WM abnormalities between the HTA and LTA group mainly
involved several WM tracts in the anterior part of the brain.
In detail, the HTA group had significantly lower FA values
than the LTA group in multiple clusters, including anterior
and superior corona radiate (CR) bilaterally, left posterior CR,
bilateral anterior thalamic radiation (ATR), bilateral inferior
fronto-occipital fasciculus (IFOF), body, genu, and splenium of
corpus callosum (CC) and forceps minor. Meanwhile, compared
to the LTA group, the HTA group had higher RD and MD values
for the above reported abnormal FA clusters. The AD values
between the HTA and LTA group were very close. (Figure 1;
Table 3).

DISCUSSIONS

To the best of our knowledge, this work is the first DTI study
to examine the integrity of the entire brain white matter and
to comprehensively report the FA, AD, RD, and MD values of
young healthy subjects with trait anxiety. Overall, the FA values
in the CR, ATR, IFOF bilaterally, CC and forceps minor are lower
in young healthy subjects with high anxiety than in those with
low anxiety. For the reported abnormal regions, other diffusion
properties were also changed slightly. These results are more
extensive but broader relative to the findings in previous DTI
studies on anxiety-related disorders (14, 23–32).

The followings are some considerations on the method.
Previous anxiety-related studies based on hypothesis-driven
conception generally select some interest or empirical regions to
investigate (33–38), and aberrant fibers in reports on anxiety-
related disorders are not frequently consistent. The functional
connectivity in extensive areas, including auditory, medial visual,
and task positive networks, decreases in healthy populations with
high anxiety (39). Therefore, we selected a voxel-wise approach
to test the alterations in the entire brain white matter in young
healthy individuals with high trait anxiety. This approach makes
an assumption on the basis of a small portion of a fiber tract
(e.g., voxel). Although this sensitive approach cannot eliminate
the effects of noise and crossing fibers, thereby resulting in false
positive outcomes, it can detect more potential vital voxels and
clusters changes associated with young healthy subjects with trait
anxiety than other methods.

The CR is the most prominent projection fiber in the brain.
The anterior CR (ACR) includes thalamic projections from
the internal capsule to the cortex (40, 41). A DTI study on
PTSD reported that FA in the right ACR is inversely associated

with PTSD severity (31). White matter abnormalities in the
ACR can have an effect on the emotional (31) and executive
attention network functions (42). In thalamic projections areas,
Chiu et al. (24) found decreased FA in the right ATR in OCD.
However, increased FA values were found in the right ATR
in another OCD study (43). In prior DTI studies on PTSD,
the cortical-ACR-IC-thalamus-limbic pathway was suggested
to play a key role rather than the more direct cortical-
uncinatus fasciculus (UF)-limbic pathway in theory (44–46).
Cortical–thalamus–limbic pathway plays a prominent role in
emotional behavior and regulation associated with PTSD (47,
48). Similarly, our study showed that alterations in the ACR-
thalamus pathway are more serious and extensive than in the
UF pathway, manifested as decreased FA values in bilateral CR
and ATR regions, in young healthy subjects with high anxiety.
These findings, together with the results of the current study,
suggest that decreased FA in the ACR-thalamus pathway may
be a trait marker in young healthy individuals with high trait
anxiety.

The CC, which is the largest white matter structure and
commissural fiber in the brain, comprises extensive networks
and regulates motor, sensory abilities, attention, intelligence,
and emotional states (45, 49). The lack of interhemispheric
communication between the hemispheres may cause emotional
disturbances (50), and dysfunction in the CC have been
implicated in the pathogenesis of some forms of OCD (30, 51).
The electrical high-frequency stimulation of the genu of the
CC in psychiatric patients immediately eliminates anxiety and
tension, and CC pathways may be hyperactive in anxiety and
tension (52). The observed FA reduction in the CC may be a
vulnerable marker in young healthy subjects with high anxiety.

The IFOF, which integrates the auditory and visual association
cortices into the prefrontal cortex, connects the occipital and
frontal lobes (53). The IFOF has long been implicated in OCD.
Reduced FA is observed in the right IFOF in previous report
on adolescents with generalized anxiety disorder (54). Garibotto
et al. (26) reported decreased FA along CC, cingulum, SLF, and
IFOF bilaterally in OCD. In some studies about PTSD, Kim
et al. (55) showed decreased FA in the left anterior cingulum,
whereas another small study found increased FA in the same
region (56). In a OCD study, increased FA values were found
in several white matter tracts, including the major and minor
forceps, bilateral corticospinal tract, right ATR and bilateral SLF
(43). However, in a PTSD study, there was decreased FA in
clusters involving forceps minor (57). Another study found that
OCD patients had significantly lower FA, higher MD, and AD
values in forceps minor, compared with healthy controls (23).
Similar to two studies mentioned above, our research also found
decreased FA values in forceps minor. Meanwhile, combined
with the discovery of the CC, WM abnormalities on populations
with high anxiety involved not only anterior of the CC, but also
extending to forceps minor. Therefore, we inferred that pathway
of anterior of the CC-forceps minor may also be a vulnerable
marker on high anxiety individuals. Taken together, our findings,
on young healthy individuals with high anxiety, were intersectant
and similar with results in these prior studies on anxiety-related
disorders.
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FIGURE 1 | Sagittal coronal and axial maps of FA showing significant differences. FA is lower in the HTA group than that in LTA group in regions including anterior and

superior CR bilaterally, left posterior CR, bilateral ATR, bilateral IFOF, body, genu, and splenium of CC and forceps minor. The green color shows the skeleton of the

averaged FA and is overlaid on the gray-scale averaged FA map. The red-yellow color shows the clusters of remarkably reduced FA in the HTA group. The threshold

for significance was set at p < 0.05, which is corrected for TFCE. The right side of the image corresponds to the left hemisphere of the brain. Z represents the

coordinates of the axis.
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TABLE 3 | Regions of reduced FA in the HTA group compared with the LTA group (p < 0.05, TFCE-corrected).

FA VOXEL-WISE COMPARISON

Cluster

voxel

Anatomical extent of cluster Mean FA Mean AD (×10−2) Mean RD (×10−3) Mean MD (×10−3) Cluster

Pcorr

MNI

(x, y, z)

HTA LTA HTA LTA HTA LTA HTA LTA

4416 Cluster covering parts of: 0.55 0.56 0.12 0.12 0.48 0.46 0.73 0.72 0.032 [12 31 7]

Body of corpus callosum 0.69 0.72 0.15 0.15 0.38 0.35 0.75 0.74

Genu corpus callosum 0.73 0.76 0.15 0.15 0.33 0.31 0.72 0.71

Splenium of corpus callosum 0.55 0.58 0.13 0.14 0.51 0.49 0.78 0.78

Forceps minor 0.69 0.71 0.14 0.14 0.37 0.35 0.72 0.71

Left anterior corona radiate 0.45 0.47 0.11 0.11 0.54 0.52 0.74 0.73

Right anterior corona radiate 0.46 0.48 0.11 0.11 0.53 0.51 0.73 0.72

Left superior corona radiate 0.55 0.58 0.12 0.12 0.47 0.44 0.72 0.70

Right superior corona radiate 0.57 0.59 0.12 0.12 0.44 0.42 0.68 0.68

Left posterior corona radiate 0.48 0.51 0.12 0.12 0.55 0.53 0.78 0.77

Left anterior thalamic radiation 0.37 0.40 0.11 0.11 0.59 0.57 0.75 0.74

Right anterior thalamic radiation 0.37 0.39 0.11 0.11 0.60 0.58 0.75 0.75

Left inferior fronto-occipital fasciculus 0.56 0.58 0.13 0.12 0.47 0.45 0.74 0.72

Right inferior fronto-occipital fasciculus 0.45 0.49 0.11 0.11 0.53 0.50 0.72 0.72

47 Cluster covering parts of: 0.59 0.61 0.13 0.13 0.44 0.42 0.74 0.72 0.049 [−16 43 −10]

Left anterior corona radiate 0.45 0.47 0.11 0.11 0.54 0.52 0.74 0.73

Forceps minor 0.69 0.71 0.14 0.14 0.37 0.35 0.72 0.71

Clusters where FA value is significantly lower in the HTA group than the LTA group. Mean FA, AD, RD and MD values were reported for the individual regions of the clusters.

MNI (x, y, z), coordinates of peak locations in the space of Montreal Neurological Institute (MNI); R, right hemisphere, L, left hemisphere.

These findings should be inferred with caution. Our results
suggest that the FA value is more sensitive than any other DTI
metrics (MD, AD, RD) in detecting white matter alterations in
young healthy samples with high anxiety. The FA reduction was
due to an increase in radial diffusivity or a decrease in axial
diffusivity, which could be attributed to any or all the following
processes: (1) decrease in axonal density (2) decrease in axonal
myelination (3) abnormal axonal membranes (4) reorganization
of axons at a macroscopic level (58). These factors may cause low
directionality and partly decrease FA values in areas associated
with high anxiety in young healthy subjects. In our study, we
inferred that FA changes is mainly caused by the increase of the
radial diffusivity.

In our study, all subjects are college students in late adolescent
stage, whose brains were not yet mature. These diffusion changes
are diverse in different regions during the developmental period
of maturation. A developmental FA increase was found in the
ALIC (59–62), IFOF (61, 63, 64), CC (62, 65–68) during the
adolescence period. This increase may have affected the brain
white matter analysis outcomes. In addition, the FA values in the
cerebral white matter follow the inverted U-shaped curves and
reach the peak between 20 and 30 years across lifespan (69, 70).
Hence, white matter abnormality in high anxiety undergraduates
may affect the developmental curve across lifespan. Furthermore,
several limits in our current study were identified. First, we
only focused on Chinese undergraduates who were right-
handed and had no history of psychiatric disorders. Thus, our
subjects’ data were relatively homogeneous, thereby limiting

our findings to inference of specified population. Second, our
study lacked multimodal data (e.g., FMRI) to directly correspond
with our microstructural results. Although our study had the
above-mentioned limitations, we believe that our data provided
strong support for white matter abnormalities in young healthy
individuals with high anxiety.

In conclusion, our study demonstrated that white matter
abnormalities in young healthy individuals with high trait
anxiety were mainly involved in or connected to specific
regions of the thalamus-cortical circuit and some emotion-
related areas that were widely reported in anxiety-related
disorders. This preliminary study provides a novel way
of detecting vulnerable markers associated with non-
clinical trait anxiety. These investigations can elucidate
the pathological mechanism of anxiety. The observed
cerebral white matter changes in our study further support
the need for preventive interventions in high anxiety
individuals.
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