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imaging study
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Abstract

Background: Previous neuroimaging studies have suggested an abnormal neural circuitry of emotion regulation
including the amygdala and prefrontal cortex in both adult and adolescent generalized anxiety disorder (GAD)
patients. Aberrant integrity of white matter in this neural circuitry has been verified in adult GAD patients. White
matter abnormalities in adolescent GAD patients have not been detected.

Methods: Twenty-five adolescents with GAD and 24 healthy controls underwent a diffusion tensor imaging scan.
Fractional anisotropy (FA) was compared between groups with a voxel-wise Tract-Based Spatial Statistics (TBSS)
analysis method.

Results: Compared with healthy controls, adolescents with GAD showed significantly reduced FA in bilateral
uncinate fasciculus, inferior fronto-occipital fasciculus, inferior longitudinal fasciculus, and corona radiata.

Conclusions: The findings in the present study suggest a neural basis of emotion dysregulation in adolescent
GAD patients.
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Background
Generalized anxiety disorder (GAD) is a common anxiety
disorder with an estimated lifetime prevalence of 5.7% in
the general population [1]. This condition is characterized
by chronic and excessive worry about everyday things and
often begins in adolescence or early adulthood [2]. GAD
usually increases the risk of other anxiety disorders and
depressive disorder [2] and causes significant distress
or impairment in life [3]. However, compared with other
anxiety disorders, GAD is less studied [4], despite its high
prevalence and clinical importance.
Neuroimaging approaches have provided promising

avenues for studying the underlying neural circuitry of
GAD. Previous neuroimaging studies have suggested
an abnormal neural circuitry of emotion regulation
including the amygdala and prefrontal cortex in both
adult and adolescent GAD patients [5-7]. The amygdala
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is a key component in the neural circuit, processing emo-
tional valence and generating rapid affective responses
[8,9]. Functional neuroimaging studies have shown altered
activation in the amygdala. Investigations on pediatric and
adolescent GAD patients as well as adult GAD patients
have exhibited increased amygdala activation to threat
stimuli [7,10-12]. Some studies on adult GAD patients have
demonstrated decreased activity in the amygdala during a
gambling game [13] or in response to threat stimuli [14] in
GAD patients compared to healthy controls. Structural
neuroimaging studies showed larger gray matter volumes
in the amygdala in adult [15,16] and adolescent [17] GAD
patients, whereas one study on adolescent GAD samples
yielded decreased amygdala volumes [18].
The prefrontal cortex, including the anterior cingulate

cortex, is involved in emotional regulation by down-
regulating the activity of the amygdala and related lim-
bic structures [5,19]. Functional neuroimaging studies
of adolescents with GAD have shown increased activation
in the lateral prefrontal cortex [10,20,21], medial prefrontal
cortex [21] and anterior cingulate cortex [10] while viewing
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noxious stimuli. One study [14] found that adult GAD
patients exhibited increased activation to angry expressions
in the lateral frontal cortex, whereas another study [22]
suggested that adult GAD patients showed decreased
activation to emotional conflict in the dorsomedial
prefrontal cortex compared with healthy controls. The
limited structural neuroimaging studies have shown a
sub-threshold decrease of gray matter volume in bilat-
eral ventrolateral cortex in pediatric anxiety patients
[18], and a larger volume of the dorsomedial prefrontal
cortex in adult GAD patients [15]. In addition, a functional
connectivity study [22] has revealed the aberrant functional
connection between amygdala and the prefrontal cortex,
suggesting neural correlates for emotion regulation deficits
in adults with GAD. Taken together, all the available neuro-
imaging evidence suggests an abnormality of the neural
circuitry, including the amygdala and prefrontal cortex,
in both adult and adolescent GAD patients.
Most studies investigate abnormities of gray matter,

while few focus on the integrity of white matter. Diffusion
tensor imaging (DTI) techniques can be used to examine
the structural integrity of white matter and to map white
matter tracts by measuring the magnitude and direction
of water diffusion [23]. Two studies [24,25] found that
adult GAD patients showed lower fractional anisotropy
(FA) in the uncinate fasciculus that is located at the frontal
lobe and connects the amygdala and prefrontal cortex.
Recently, a study by our group [26] suggested that adult
GAD patients had higher FA in the right amygdala white
matter and lower FA in the caudal anterior cingulate cortex
white matter compared with healthy controls. These three
studies have also suggested an abnormal neural circuitry of
emotion regulation, including the amygdala and prefrontal
cortex, in adult GAD patients. However, subjects in these
three studies are adult. To the best of our knowledge, no
study has reported on white matter integrity in adolescent
GAD patients. Therefore, the primary purpose of this study
was to investigate the possible abnormal integrity of white
matter in adolescents with GAD. Based on the evidence
described earlier, we hypothesized that adolescent GAD
patients would show aberrant white matter integrity in the
neural circuitry associated with emotion regulation.

Methods
Subjects
This study was approved by the Ethics Committee of the
Second Xiangya Hospital of Central South University,
China. Written informed consent was obtained from each
adolescent and one of his or her legal guardians after the
study had been fully explained. Twenty-five adolescents
with GAD (13 girls, 12 boys) and 24 healthy controls
(11 girls, 13 boys) participated in the present study. All
subjects were recruited from local high schools in
Hunan Province via advertisements and school notice.
First, 1885 subjects finished the 41-item self-report ques-
tionnaire, the Screen for Child Anxiety Related Emotional
Disorders (SCARED) [27,28]. The SCARED is a reliable
and valid screening tool for childhood anxiety disorder,
with an optimal total cutoff point score of 25 to separate
children with anxiety disorders from those without [27,28].
Among 1885 subjects, 508 subjects’ SCARED scores were
greater than 25, and the scores of the rest were lower
than 25. Then, 673 subjects (508 SCARED scores ≥ 25;
165 SCARED scores < 25) were investigated by the same
trained clinician and diagnosed using DSM-IV criteria and
the Schedule for Affective Disorders and Schizophrenia for
School Age Children-Present and Lifetime (K-SADS-PL)
version [29]. Inclusion criteria for patients in this study
were current first-episode, generalized anxiety disorder
without co-morbidity disorders. Healthy controls met
criteria for no mental disorders. Exclusion criteria for all
subjects included any neurological abnormalities, history
of seizures, head trauma or unconsciousness, any physical
disease and use of psychoactive substances. All subjects
enrolled in this study were non-medicated, right-handed,
and volunteered to participate in this study. In addition,
all the patients were assessed with the Penn State Worry
Questionnaire (PSWQ) [30] , which was introduced to
assess anxiety levels of adolescent GAD patients.

Diffusion tensor imaging data acquisition
Diffusion tensor imaging was performed using a 3.0 Tesla
Philips scanner, equipped with a SENSE-8 channel head
coil, at the Second Xiangya Hospital of Central South
University, China. For each participant, images were ac-
quired using a single shot spin echo-echo plane sequence
in alignment with the anterior-posterior commissural
plane with the following parameters: repetition time = 6590
milliseconds, echo time = 70 milliseconds, acquisition
matrix = 128 × 128, field of view = 240 mm × 240 mm,
flip angle = 90°, slice thickness = 2.5 mm without gap.
The diffusion sensitizing gradients were applied along 33
non-collinear directions (b = 1000 s/mm2), together with
an acquisition without diffusion weighting (b = 0 s/mm2).

Image data processing
The processing of DTI data was conducted with Tract-
Based Spatial Statistics (TBSS) version 1.2 implemented
in the FMRIB Software Library (FSL version 5.0, Oxford,
Untied-Kingdom; http://www.fmrib.ox.ac.uk/fsl), according
to the standard procedure described in detail in the previ-
ous study [31]. First, DTI data were preprocessed to create
FA maps. All images were corrected for the effects of head
movement and eddy currents using FMRIB’s Diffusion
Toolbox (FDT) [32] in FSL. A brain mask was created from
the b0 image by running Brain Extraction Tool (BET) [33]
and FA maps were calculated by fitting a tensor model to
the raw diffusion data [32]. Then, the resulting FA maps
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were further analyzed using TBSS [31]. In general, FA
maps of all subjects were aligned into a common
(Montreal Neurological Institute 152 standard) space
using the nonlinear registration tool FNIRT. The trans-
formed FA images were averaged to create a mean FA
image, and the tracts were thinned to create a mean FA
skeleton that represents the centers of all tracts common
to the group. The FA threshold was set at 0.2 to confine
the analysis to white matter. Each subject’s FA image was
projected onto this skeleton and the resulting data fed into
voxel-wise between-subject statistics.

Statistical analysis
Statistical analysis for the demographic and clinical mea-
sures was conducted with two-sample t tests or chi-square
tests, as needed, in SPSS16. The threshold for statistical
significance was p < 0.05. A voxel-wise statistical analysis,
with age as a covariant, was performed to explore regions
of significant differences of FA images between GAD
patients and healthy controls using the randomize tool in
FSL. The contrast was computed using 5000 permutations
[34]. The results were corrected for multiple comparisons
using the threshold-free cluster enhancement (TFCE)
approach, which allowed us to avoid making an arbitrary
choice of the cluster-forming threshold, while preserving
the sensitivity benefits of cluster-wise correction. The
threshold for significance was set at p < 0.05. The Johns
Hopkins University International Consortium for Brain
Mapping (JHU ICBM)-DTI-81 white-matter atlas [35] and
JHU white-matter tractography atlas [36] labels were used
to label significant voxels and assign a specific tract name.
For regions of significant differences, FA values were ex-
tracted from each participant’s FA image. Correlation ana-
lyses was conducted to investigate the possible association
between the severity of clinical measures (PSWQ scores)
and white matter integrity (FA values). The level of two-
tailed statistical significance was set at P < 0.05.

Results
There were no significant differences in age (GAD group
mean age 16.96 ± 0.68 years; control group mean age
16.58 ± 0.83 years; p = 0.087) or gender (GAD group 13
girls/12 boys; control group 11 girls/13 boys; p = 0.778) be-
tween the two groups (Table 1).
Table 1 Demographic and clinical measures of adolescent
GAD patients and healthy controls

GAD (25) HCs (24) Statistical
value

P

Age, mean ± SD, year 16.96 ± 0.68 16.58 ± 0.83 1.746 0.087

Gender, No, girls/boys 13/12 11/13 0.666 0.778

PSWQ score, mean ± SD 54.64 ± 8.85 – – –

GAD, Generalized anxiety disorder; HCs, Healthy controls; PSWQ, The Penn
State Worry Questionnaire.
The results of voxel-wise analyses in TBSS are shown
in Figure 1 and Table 2. Adolescent GAD patients had
significantly reduced FA in bilateral uncinate fasciculus,
inferior fronto-occipital fasciculus, inferior longitudinal
fasciculus, and corona radiata (p < 0.05, TFCE-corrected).
In addition, significantly reduced FA also were found
in the left anterior limb of internal capsule and superior
longitudinal fasciculus, as well as the right posterior limb of
internal capsule (p < 0.05, TFCE-corrected). There were no
white matter regions where the controls had significantly
lower FA compared with the GAD patients.
Correlation analyses revealed no significant relationship

between PSWQ scores and FA values of regions of signifi-
cant differences (p > 0.05).

Discussion
In the present study, we used DTI data to compare the
integrity of white matter between adolescent GAD patients
and healthy controls through whole brain voxel-wise TBSS
analysis. To the best of our knowledge, this is the first study
to explore abnormalities of white matter integrity in
adolescent GAD patients. The result of reduced FA in
the uncinate fasciculus is consistent with previous studies
in adult GAD patients [24,25]. A monozygotic twin study
[24] with 17 pairs of adult females discordant for lifetime
GAD revealed that the affected twins showed reduced FA
values in the uncinate fasciculus. Another study [25] com-
pared 49 adult patients with GAD and 39 healthy controls
and found that patients with GAD had decreased mean
FA values in the bilateral uncinate fasciculus. The uncinate
fasciculus plays an important role in connecting the
prefrontal cortex and anterior cingulate cortex to the
amygdala and other limbic areas. The abnormal integrity
of the uncinate fasciculus, therefore, would be associated
with abnormal activation of the prefrontal cortex, anterior
cingulate cortex, and amygdala.
The reduced FA values of the uncinate fasciculus in this

study might suggest decreased negative association between
prefrontal cortex and the limbic structures, which would
induce deficits in emotion regulation and cause anxiety.
The abnormal integrity of uncinate fasciculus in the present
study is in consistent with previous functional neuroim-
aging studies [7,10-12,20-22]. Increased activation of the
amygdala [7,10-12], prefrontal cortex [10,20,21], and the
anterior cingulate cortex [10] in GAD patients compared
with healthy controls has been reported in these previous
studies when subjects were involved in emotion regulation
or conflict monitoring and viewing emotion stimuli.
In addition, Etkin et al. [22] conducted a functional
connectivity analysis and found abnormal functional
connection between the amygdala and the prefrontal cortex
in GAD patients. Hence, some authors have suggested
that the reason for hyperactivity of the amygdala, prefrontal
cortex, and anterior cingulate cortex in GAD patients



Figure 1 Results from TBSS analysis showing the regions of significant FA reduction in adolescent GAD patients compared with
healthy controls, (p < 0.05, TFCE-corrected). Voxels are overlaid on the white matter skeleton (green). The regions of significant FA reduction
are shown in red. The background images are MNI152 template. MNI, Montreal Neurological Institute; L, left; R, right.
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compared with healthy controls is the decreased coup-
ling between these brain regions [22,25], which might
be associated with the reduced FA values of the uncinate
fasciculus.
Our results also suggested reduced FA in bilateral in-

ferior fronto-occipital fasciculus, which spans from the
frontal lobe to the occipital lobe by passing through
the temporal lobe. The inferior fronto-occipital fasciculus
might connect the frontal lobe and occipital lobe and
Table 2 Regions of reduced white matter FA in adolescent G
TFCE-corrected)

Cluster index Anatomic location

1 Uncinate fasciculus, Inferior fronto-occipital fasciculus, Inferior lo
Superior corona radiate, Anterior limb of internal capsule, Supe

2 Uncinate fasciculus, Inferior fronto-occipital fasciculus, Inferi
Posterior corona radiate, Posterior limb of internal capsule

3 Uncinate fasciculus, Inferior fronto-occipital fasciculus

4 Inferior fronto-occipital fasciculus, Posterior corona radiata

5 Uncinate fasciculus, Inferior fronto-occipital fasciculus

6 Inferior longitudinal fasciculus, Anterior corona radiate

7 Inferior longitudinal fasciculus, Inferior fronto-occipital fascic

FA, Fractional anisotropy; GAD, Generalized anxiety disorder; TFCE, The threshold-fre
modulate anxiety responses to environment stimulus
[37]. Decreased FA in the inferior fronto-occipital fas-
ciculus has been reported in other anxiety disorders,
i.e., panic disorder [38], and obsessive compulsive dis-
order [39]. Reduced FA in the inferior fronto-occipital
fasciculus might decrease the linking between the oc-
cipital lobe and the frontal lobe, and disturb sensory
integration and cognitive or emotion regulation to
sensory stimulus.
AD patients compared with healthy controls (p < 0.05,

L/R Cluster size Peak coordinates

x y z

ngitudinal fasciculus,
rior longitudinal fasciculus

L 2778 −40 −15 −13

or longitudinal fasciculus, R 1766 28 −17 23

R 346 30 11 −8

L 187 −33 −50 12

L 187 −38 17 −15

L 130 −27 −50 20

ulus L 111 −31 −43 −16

e cluster enhancement; L/R, Left/right.
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Compared with healthy controls, reduced FA in the
inferior longitudinal fasciculus also was found in ado-
lescent GAD patients, which is in consistent with the
study conducted by Hettema et al. [24], who found de-
creased FA in the inferior longitudinal fasciculus in
adult GAD twins. The inferior longitudinal fasciculus,
connecting occipital and temporal lobe structures including
the amygdala, hippocampus, and parahippocampus, is
an important component of the visual limbic pathway
that subserves emotional, learning and memory functions
[40]. It is suggested that alterations of white matter in-
tegrity in the inferior longitudinal fasciculus might be
associated with anxiety state by abnormal perception
of environment visual information [40]. In this study,
we also found decreased FA in bilateral corona radiata,
left anterior limb of internal capsule, and right posterior
limb of internal capsule, which include descending sensori-
motor fibers contributing to the corticospinal tract [41].
The fiber tracts in the corona radiata and internal capsule,
reciprocally project from the cortex to the thalamus and
pontine nuclei [42]. The thalamus plays an important role
in filtering sensory information and emotional regulation
[43]. Alterations in the corona radiata and internal capsule
might disturb the connection between thalamus and cor-
tex, and induce abnormal emotional regulation. More
evidence is needed to verify these findings.
Some limitations of this study should be acknowledged.

The sample size of the present research was modest, which
might result in type II errors and decrease true positive
effects. A larger sample is required in future investigations.
We only studied adolescent GAD patients aged 16 to 18,
which might restrict the generalization of our findings.
Investigations of different age stages in adolescence are
required to confirm the results in our study. We excluded
GAD patients with comorbidities in this investigation.
GAD often co-occurs with other mental disorders [2,3],
such as other anxiety disorders and major depression dis-
order. The homogenous sample allows us to draw a more
specific conclusion on GAD; however, it also limits the
generalization of our findings. Further research is needed to
specify the possible aberrant white matter integrity in GAD
patients with and without comorbidities, respectively.

Conclusions
In conclusion, this is the first study to investigate
whole-brain white matter integrity in adolescent GAD
patients. We found significantly reduced FA in bilateral
uncinate fasciculus, inferior fronto-occipital fasciculus,
inferior longitudinal fasciculus, and corona radiata in
adolescents with GAD compared with healthy controls
in the current study. Our results suggested aberrant
white matter integrity in the neural circuitry associated with
emotion regulation in adolescent GAD patients. This study
provides a possible neurobiological basis for adolescent
GAD patients. In addition, further investigation is required
to replicate and confirm the results in our study.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
Author ML designed this study and wrote the first draft of the manuscript.
Author FY recruited the sample and finished the clinical assessment. Author
YZ managed the data analysis. Author ZH completed MRI scanning. Authors
LL and LS also designed the study and had full access to all of the data in
the study and take responsibility for the integrity of the data and the
accuracy of the data analysis. All authors contributed to and have approved
the final manuscript.

Acknowledgements
This study was supported by the National Natural Science Foundation of
China (30830046 & 81171286 & 91232714 to Lingjiang Li, 81171291 to Linyan
Su, 81101004 to Yan Zhang), the National 973 Program of China
(2009CB918303 to Lingjiang Li) and Program of Chinese Ministry of
Education (20090162110011 to Lingjiang Li).

Author details
1Department of Psychiatry, the Second Xiangya Hospital of Central South
University, Changsha, China. 2Department of Radiology, the Second Xiangya
Hospital of Central South University, Changsha, China.

Received: 22 April 2013 Accepted: 11 February 2014
Published: 15 February 2014

References
1. Kessler RC, Berglund P, Demler O, Jin R, Merikangas KR, Walters EE: Lifetime

prevalence and age-of-onset distributions of DSM-IV disorders in the National
Comorbidity Survey Replication. Arch Gen Psychiatry 2005, 62:593–602.

2. Beesdo K, Pine DS, Lieb R, Wittchen HU: Incidence and risk patterns of
anxiety and depressive disorders and categorization of generalized
anxiety disorder. Arch Gen Psychiatry 2010, 67:47–57.

3. Hoffman DL, Dukes EM, Wittchen HU: Human and economic burden of
generalized anxiety disorder. Depress Anxiety 2008, 25:72–90.

4. Dugas MJ, Anderson KG, Deschenes SS, Donegan E: Generalized anxiety
disorder publications: where do we stand a decade later? J Anxiety Disord
2010, 24:780–784.

5. Shin LM, Liberzon I: The neurocircuitry of fear, stress, and anxiety
disorders. Neuropsychopharmacology 2010, 35:169–191.

6. Strawn JR, Wehry AM, DelBello MP, Rynn MA, Strakowski S: Establishing the
neurobiologic basis of treatment in children and adolescents with
generalized anxiety disorder. Depress Anxiety 2012, 29:328–339.

7. Monk CS, Telzer EH, Mogg K, Bradley BP, Mai X, Louro HM, Chen G,
McClure-Tone EB, Ernst M, Pine DS: Amygdala and ventrolateral prefrontal
cortex activation to masked angry faces in children and adolescents with
generalized anxiety disorder. Arch Gen Psychiatry 2008, 65:568–576.

8. Davis M, Whalen PJ: The amygdala: vigilance and emotion. Mol Psychiatry
2001, 6:13–34.

9. LeDoux JE: Emotion circuits in the brain. Annu Rev Neurosci 2000, 23:155–184.
10. McClure EB, Monk CS, Nelson EE, Parrish JM, Adler A, Blair RJ, Fromm S,

Charney DS, Leibenluft E, Ernst M, Pine DS: Abnormal attention
modulation of fear circuit function in pediatric generalized anxiety
disorder. Arch Gen Psychiatry 2007, 64:97–106.

11. Thomas KM, Drevets WC, Dahl RE, Ryan ND, Birmaher B, Eccard CH, Axelson
D, Whalen PJ, Casey BJ: Amygdala response to fearful faces in anxious
and depressed children. Arch Gen Psychiatry 2001, 58:1057–1063.

12. Nitschke JB, Sarinopoulos I, Oathes DJ, Johnstone T, Whalen PJ, Davidson RJ,
Kalin NH: Anticipatory activation in the amygdala and anterior cingulate
in generalized anxiety disorder and prediction of treatment response.
Am J Psychiatry 2009, 166:302–310.

13. Yassa MA, Hazlett RL, Stark CE, Hoehn-Saric R: Functional MRI of the amygdala
and bed nucleus of the stria terminalis during conditions of uncertainty in
generalized anxiety disorder. J Psychiatr Res 2012, 46:1045–1052.

14. Blair K, Shaywitz J, Smith BW, Rhodes R, Geraci M, Jones M, McCaffrey D,
Vythilingam M, Finger E, Mondillo K, et al: Response to emotional expressions



Liao et al. BMC Psychiatry 2014, 14:41 Page 6 of 6
http://www.biomedcentral.com/1471-244X/14/41
in generalized social phobia and generalized anxiety disorder: evidence for
separate disorders. Am J Psychiatry 2008, 165:1193–1202.

15. Schienle A, Ebner F, Schafer A: Localized gray matter volume
abnormalities in generalized anxiety disorder. Eur Arch Psychiatry Clin
Neurosci 2011, 261:303–307.

16. Etkin A, Prater KE, Schatzberg AF, Menon V, Greicius MD: Disrupted
amygdalar subregion functional connectivity and evidence of a
compensatory network in generalized anxiety disorder. Arch Gen
Psychiatry 2009, 66:1361–1372.

17. de Bellis MD, Casey BJ, Dahl RE, Birmaher B, Williamson DE, Thomas KM,
Axelson DA, Frustaci K, Boring AM, Hall J, Ryan ND: A pilot study of
amygdala volumes in pediatric generalized anxiety disorder.
Biol Psychiatry 2000, 48:51–57.

18. Milham MP, Nugent AC, Drevets WC, Dickstein DP, Leibenluft E, Ernst M,
Charney D, Pine DS: Selective reduction in amygdala volume in pediatric
anxiety disorders: a voxel-based morphometry investigation.
Biol Psychiatry 2005, 57:961–966.

19. Barbas H, Zikopoulos B, Timbie C: Sensory pathways and emotional context
for action in primate prefrontal cortex. Biol Psychiatry 2011, 69:1133–1139.

20. Monk CS, Nelson EE, McClure EB, Mogg K, Bradley BP, Leibenluft E, Blair RJ,
Chen G, Charney DS, Ernst M, Pine DS: Ventrolateral prefrontal cortex
activation and attentional bias in response to angry faces in adolescents
with generalized anxiety disorder. Am J Psychiatry 2006, 163:1091–1097.

21. Strawn JR, Bitter SM, Weber WA, Chu WJ, Whitsel RM, Adler C, Cerullo MA,
Eliassen J, Strakowski SM, DelBello MP: Neurocircuitry of generalized
anxiety disorder in adolescents: a pilot functional neuroimaging and
functional connectivity study. Depress Anxiety 2012, 29:939–947.

22. Etkin A, Prater KE, Hoeft F, Menon V, Schatzberg AF: Failure of anterior cingulate
activation and connectivity with the amygdala during implicit regulation of
emotional processing in generalized anxiety disorder. Am J Psychiatry 2010,
167:545–554.

23. Bandettini PA: What’s new in neuroimaging methods? Ann N Y Acad Sci
2009, 1156:260–293.

24. Hettema JM, Kettenmann B, Ahluwalia V, McCarthy C, Kates WR, Schmitt JE,
Silberg JL, Neale MC, Kendler KS, Fatouros P: Pilot multimodal twin imaging
study of generalized anxiety disorder. Depress Anxiety 2012, 29:202–209.

25. Tromp do PM, Grupe DW, Oathes DJ, McFarlin DR, Hernandez PJ, Kral TR,
Lee JE, Adams M, Alexander AL, Nitschke JB: Reduced structural
connectivity of a major frontolimbic pathway in generalized anxiety
disorder. Arch Gen Psychiatry 2012, 69:925–934.

26. Zhang Y, Li L, Yu R, Liu J, Tang J, Tan L, Liao M, Yang F, Shan B: White
matter integrity alterations in first episode, treatment-naive generalized
anxiety disorder. J Affect Disord 2013, 148:196–201.

27. Birmaher B, Brent DA, Chiappetta L, Bridge J, Monga S, Baugher M:
Psychometric properties of the screen for child anxiety related
emotional disorders (SCARED): a replication study. J Am Acad Child
Adolesc Psychiatry 1999, 38:1230–1236.

28. Su L, Wang K, Fan F, Su Y, Gao X: Reliability and validity of the screen for
child anxiety related emotional disorders (SCARED) in Chinese children.
J Anxiety Disord 2008, 22:612–621.

29. Kaufman J, Birmaher B, Brent D, Rao U, Flynn C, Moreci P, Williamson D,
Ryan N: Schedule for Affective Disorders and Schizophrenia for School-Age
Children-Present and Lifetime Version (K-SADS-PL): initial reliability and
validity data. J Am Acad Child Adolesc Psychiatry 1997, 36:980–988.

30. Meyer TJ, Miller ML, Metzger RL, Borkovec TD: Development and validation
of the Penn State Worry Questionnaire. Behav Res Ther 1990, 28:487–495.

31. Smith SM, Jenkinson M, Johansen-Berg H, Rueckert D, Nichols TE, Mackay CE,
Watkins KE, Ciccarelli O, Cader MZ, Matthews PM, Behrens TE: Tract-based
spatial statistics: voxelwise analysis of multi-subject diffusion data.
Neuroimage 2006, 31:1487–1505.

32. Behrens TE, Woolrich MW, Jenkinson M, Johansen-Berg H, Nunes RG, Clare
S, Matthews PM, Brady JM, Smith SM: Characterization and propagation
of uncertainty in diffusion-weighted MR imaging. Magn Reson Med 2003,
50:1077–1088.

33. Smith SM: Fast robust automated brain extraction. Hum Brain Mapp 2002,
17:143–155.

34. Nichols TE, Holmes AP: Nonparametric permutation tests for functional
neuroimaging: a primer with examples. Hum Brain Mapp 2002, 15:1–25.

35. Mori S, Oishi K, Jiang H, Jiang L, Li X, Akhter K, Hua K, Faria AV, Mahmood A,
Woods R, et al: Stereotaxic white matter atlas based on diffusion tensor
imaging in an ICBM template. Neuroimage 2008, 40:570–582.
36. Hua K, Zhang J, Wakana S, Jiang H, Li X, Reich DS, Calabresi PA, Pekar JJ,
van Zijl PC, Mori S: Tract probability maps in stereotaxic spaces: analyses
of white matter anatomy and tract-specific quantification.
Neuroimage 2008, 39:336–347.

37. Gorman JM, Kent JM, Sullivan GM, Coplan JD: Neuroanatomical hypothesis
of panic disorder, revised. Am J Psychiatry 2000, 157:493–505.

38. Lai CH, Wu YT: Fronto-occipital fasciculus, corpus callosum and superior
longitudinal fasciculus tract alterations of first-episode, medication-naive
and late-onset panic disorder patients. J Affect Disord 2013, 146:378–382.

39. Peng Z, Lui SS, Cheung EF, Jin Z, Miao G, Jing J, Chan RC: Brain structural
abnormalities in obsessive-compulsive disorder: converging evidence
from white matter and grey matter. Asian J Psychiatr 2012, 5:290–296.

40. Choi J, Jeong B, Polcari A, Rohan ML, Teicher MH: Reduced fractional
anisotropy in the visual limbic pathway of young adults witnessing
domestic violence in childhood. Neuroimage 2012, 59:1071–1079.

41. Giorgio A, Watkins KE, Chadwick M, James S, Winmill L, Douaud G, de Stefano
N, Matthews PM, Smith SM, Johansen-Berg H, James AC: Longitudinal
changes in grey and white matter during adolescence. Neuroimage 2010,
49:94–103.

42. Goh S, Bansal R, Xu D, Hao X, Liu J, Peterson BS: Neuroanatomical
correlates of intellectual ability across the life span. Dev Cogn Neurosci
2011, 1:305–312.

43. Herrero MT, Barcia C, Navarro JM: Functional anatomy of thalamus and
basal ganglia. Childs Nerv Syst 2002, 18:386–404.

doi:10.1186/1471-244X-14-41
Cite this article as: Liao et al.: White matter abnormalities in adolescents
with generalized anxiety disorder: a diffusion tensor imaging study. BMC
Psychiatry 2014 14:41.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Subjects
	Diffusion tensor imaging data acquisition
	Image data processing
	Statistical analysis

	Results
	Discussion
	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

