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a b s t r a c t

Background: Major depressive disorder (MDD) and anxiety disorders are highly co-morbid. Research has
shown conflicting evidence for white matter alteration and amygdala volume reduction in mood and
anxiety disorders. To date, no studies have examined differences in structural connectivity between
anxious depressed and non-anxious depressed individuals. This study compared fractional anisotropy
(FA) and density of selected white matter tracts and amygdala volume between anxious depressed and
non-anxious depressed individuals.
Methods: 64- direction DTI and T1 scans were collected from 110 unmedicated subjects with MDD, 39 of
whom had a co-morbid anxiety disorder diagnosis. Region of interest (ROI) and tractography methods
were performed to calculate amygdala volume and FA in the uncinate fasciculus, respectively. Diffusion
connectometry was performed to identify whole brain group differences in white matter health. Cor-
relations were computed between biological and clinical measures.
Results: Tractography and ROI analyses showed no significant differences between bilateral FA values or
bilateral amygdala volumes when comparing the anxious depressed and non-anxious depressed groups.
The diffusion connectometry analysis showed no significant differences in anisotropy between the
groups. Furthermore, there were no significant relationships between MRI-based and clinical measures.
Conclusion: The lack of group differences could indicate that structural connectivity and amygdalae
volumes of those with anxious-depression are not significantly altered by a co-morbid anxiety disorder.
Improving understanding of anxiety co-morbid with MDD would facilitate development of treatments
that more accurately target the underlying networks.

© 2017 Elsevier Ltd. All rights reserved.
Stony Brook University, Stony

(L. Delaparte).
1. Introduction

Anxiety and depression are highly co-morbid (Fava et al., 2000).
The Diagnostic and Statistical Manual of Mental Disorders (DSM-5;
American Psychiatric Association, 2000) recently recognized this
with a novel specifier termed “anxious distress,” while the
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International Classification of Disease (ICD; World Health
Organization, 1992) initially acknowledged anxious depression
with the concept of “mixed anxiety-depression.” However, evi-
dence of highly overlapping genetic influences raises questions of
whether anxiety disorders and major depressive disorder are
distinct conditions (Kendler et al., 1992), and there is mixed evi-
dence for a biological basis of the DSM modifier.

The DSM's definition of anxious depression requires a diagnosis
of a depressive disorder with anxious features, like “constant
worry.” In contrast, the ICD diagnosis denotes sub-threshold
symptoms of both anxiety and depression. In addition, past
studies have defined anxious depression in a number of other ways,
such as a DSM IV-TR diagnosis of major depressive disorder (MDD)
with a score greater than or equal to seven on the composite of
somatization and psychic anxiety items on the Hamilton Depres-
sion Rating Scale (Fava et al., 2008) and as meeting criteria for both
MDD and an anxiety disorder.

A better understanding of the underlying biology could help
define anxious-depression and address the current lack of
consensus. Most research to date that explores potential bio-
markers for mood and anxiety disorders has focused on the neural
correlates of anxiety disorders and depression, without controlling
for co-morbidities (e.g., Cullen et al., 2010; Steffens et al., 2011;
Strawn et al., 2012); little research has been conducted on neural
correlates and potential biomarkers for anxious depression. How-
ever, given that comorbidity is more common than not in depres-
sion (Avenevoli et al., 2015), it is important to explore potential
biomarkers of these disorders as they actually exist in the popula-
tion, with consideration for nuanced comorbid symptoms.
Accordingly, a thorough understanding of the underlying biology of
these co-morbid disorders could aid considerably with diagnosis
and treatment assignments of clinical populations.

Here we used diffusion MRI, diffusion tensor imaging (DTI), to
study how brain connectivity differs between anxious depressed
and non-anxious depressed individuals. DTI is anMRImodality that
uses a pulse sequence to quantify diffusion of water molecules in
the brain and infer macroscopic tissue properties (e.g., white
Table 1
Demographic and clinical data for each group.

Descriptive statistics

Demographic variables Anxious depressed (N ¼ 39)

Sex, N (%) Male 17(44%)
Age, years 35.52 ± 2.37
Clinical Variables
HAM-D 24-item 20.61 ± 4.89
HAM Anxiety Factor 5.11 ± 1.74
Age of Onset 17.03 ± 6.85
Length Current MDE 42.14 ± 67.05
Diagnoses
Social Phobia 14 (36%)
Panic Disorder 7 (18%)
Generalized Anxiety Disorder 6 (15%)
Anxiety NOS 4 (10%)
Specific Phobia 8 (21%)

Table 2
Means, standard deviations and p values for each of the four dependent variables in the

Descriptive statistics

Outcome measure M(SD) Anxious depressed

Left UF FA 0.35(0.04)
Right UF FA 0.37(0.05)
Left Amygdala Volumes (mm3) 1603.34(205.13)
Right Amygdala Volumes (mm3) 1727.49(239.19)
matter integrity). Several diffusionMRI analysismethods have been
proposed to examine diffusion signals. In this study, we used both
conventional and novel approaches (Abhinav et al., 2014) to
examine the imaging data. The conventional approach involved
using a tensor model (Basser et al., 1994) to provide the outcome
measure: fractional anisotropy (FA). These values are proxies for
strength of directionality of water diffusion along different axes.
Specifically, fractional anisotropy measures the ratio of diffusivity
between the primary and radial axis of a fiber bundle. Previous
studies have used DTI sequences with fewer directions, which
represents an important limitation owing to less accurate accounts
of the strength of diffusion along multiple axes (Giannelli et al.,
2010). Conventional analysis also included tractography (Abhinav
et al., 2014; Jbabdi et al., 2015), which utilizes fiber tracking to
map connections between regions of interest in the brain. However,
the accuracy of tractography has been questioned (Reveley et al.,
2015) and its limitations may render track-specific analysis incon-
clusive. Recently, a new method called connectometry was pro-
posed to bypass the limitation of fiber tracking by more accurately
reflecting the structure and density of thewhite matter tracts while
accounting for crossing fibers and partial volume effects (Yeh et al.,
2016).

The amygdala plays a significant role in fear learning and anx-
iety (LeDoux, 2003). Functional MRI studies have shown hyper-
activation of the amygdala in most anxiety disorders, namely social
anxiety disorder, generalized anxiety disorder, specific phobia and
panic disorder (Shin and Liberzon, 2010; Linares et al., 2012).
Structural studies have described decreased left amygdalar volume
in sub-clinically anxious individuals (Blackmon et al., 2011). As far
as we know, there is no existing work on distinctions in white
matter abnormalities for the various anxiety disorders. In partic-
ular, previous research has shown that the uncinate fasciculus, the
white matter tract that connects the amygdala to the orbitofrontal
cortex, is altered in generalized anxiety disorder (Tromp et al.,
2012; Hettema et al., 2012), and social anxiety disorder (Phan
et al., 2009). Diminished connectivity of the uncinate fasciculus,
specifically from the orbitofrontal cortex to the amygdala, may
Non-anxious MDD (N ¼ 71) P values

23(32%)
34.33 ± 1.68 0.95

20.41 ± 4.42 0.59
5.19 ± 1.79 0.45
15.24 ± 5.02 0.19
32.79 ± 57.56 0.49

e

e

e

e

e

two groups.

Non-anxious MDD F test p values

0.34(0.05) 0.89
0.36(0.04) 0.94
1546.20(264.34) 0.52
1663.01(245) 0.15



Fig. 1. Scatterplots of Hamilton Depression Rating Scale scores and volumes of the right (r ¼ -0.026, p ¼ 0.819) and left (r ¼ 0.157, p ¼ 0.167) amygdalae in mm3.
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reflect a reduction of top-down control leading to hyperactivation
of the amygdala (Cullen, et al., 2010).

In depression, the evidence for alterations in white matter
connectivity is mixed. Some studies show decreased fractional
anisotropy in a number of brain regions including tracts extending
from the anterior cingulate cortex to the amygdala and the unci-
nate fasciculus (Cullen, et al., 2010; Taylor et al., 2007), while our
previous study reported no difference in tracts extending from the
medialorbitofrontal cortex (Olvet et al., 2016). The mixed findings
observed in the structural connectivity depression literature may
be caused by failing to account for anxiety co-morbidities.

Given that they are likely to be associated based on previous
knowledge of cortico-limbic neurocircuitry, this paper sought to
combine the structural connectivity and volume literature by
examining tracts and amygdalar volumes implicated in anxiety
disorders and mood disorders. Due to converging evidence of al-
terations in white matter connectivity in individuals with anxiety
and previous literature supporting the uncinate fasciculi as a ROI
(region of interest), we hypothesize that individuals with anxious
depression will exhibit reduced white matter health in the unci-
nate fasciculi and in other pathways when compared to non-
anxious depressed individuals. We also expect that amygdala
volume will be significantly decreased in those with anxious
depression versus those with non-anxious depression. This is the
first study to date that uses 64-direction DTI methods and diffu-
sion connectometry to measure structural connectivity differences
between anxious depressed and non-anxious depressed
individuals.
2. Methods

2.1. Subjects

The Establishing Moderators/Mediators for a Biosignature of
Antidepressant Response in Clinical Care (EMBARC) project enrolled
participants at four different sites: Columbia University Medical
Center (CU), Massachusetts General Hospital (MG), University of
Michigan (UM), and University of Texas Southwestern Medical
Center (TX). The Institutional Review Board for each site approved
the protocol, and participants provided written informed consent.

To determine eligibility for the EMBARC protocol, subjects
received a structured diagnostic interview (Structured Clinical
Interview for DSM-IV Patient Version (SCID-IV-I/P; First et al.,
1995), review of medical history, chart review, physical examina-
tion, routine blood tests, pregnancy test and urine toxicology test.
139 participants between the ages of 18 and 65 whomet criteria for
a major depressive episode (MDE) according to the DSM IV-TR
enrolled in the study. Participants had to score a minimum of 14
on the Quick Inventory of Depressive Symptoms (QIDS-SR; Rush
et al., 2003), as well as meet DSM-IV-TR criteria for a current
MDE with an onset before 30 years of age. Exclusion criteria were a
lifetime history of psychosis, bipolar disorder, or current drug or
alcohol abuse (within 2 months)/dependence (within 6 months).
Diagnoses of post-traumatic stress disorder and obsessive
compulsive disorder were also excluded on the basis of their re-
classification in the DSM-5 due to converging evidence suggest-
ing differential circuitry, symptomatology and etiology from anxi-
ety disorders (American Psychiatric Association, 2013; Stein et al.,



Fig. 2. Scatterplots of Hamilton-derived Anxiety/Somatization factor scores and volumes of the right (r ¼ 0.044, p ¼ 0.704) and left (r ¼ 0.102, p ¼ 0.373) amygdalae in mm3.
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2010). Subjects on psychoactive medications underwent a three-
week medication washout prior to undergoing the brain scan
portion of the project. Anxious depression was defined as having a
primary DSM-IV diagnosis of major depressive disorder and a co-
morbid anxiety disorder based on the SCID-IV-I/P. Group mem-
bership was based on a clinical diagnostic interview to capture a
wider range of anxiety symptoms and to form a comprehensive
diagnosis. Clinical raters at each study site were trained and certi-
fied by the EMBARC National Coordinating Center.

The total sample was 139, however, 29 subjects were not
included due to significant artifact in the diffusion-weighted im-
ages including head motion and poor segmentation (N ¼ 12
anxious depressed and N ¼ 17 non-anxious depressed). The final
sample sizes were N¼ 71 for the non-anxious depressed group and
N ¼ 39 for the anxious depressed group. There were the following
co-morbid anxiety disorder diagnoses in the group: specific phobia
(N ¼ 8), panic disorder (N ¼ 7), social phobia (N ¼ 14), generalized
anxiety disorder (N ¼ 6), anxiety disorder, not otherwise specified
(N ¼ 4). All 110 depressed subjects were examined in a previous
analysis (Olvet, et al., 2016); that study looked at the effects of
depression diagnosis in different a priori brain regions. A more
comprehensive EMBARC project methodology is described else-
where (Trivedi, McGrath, Fava, et al., in press).
2.2. Clinical measures

The 24-item Hamilton Depression Rating Scale (HAM-D;
Hamilton, 1960) assessed clinician-rated depression severity. The
anxiety/somatization factor score derived from6 items on theHAM-
D (Fava et al., 2004) was used as a dimensional anxiety measure.
2.3. Image acquisition

All participants underwentMRI scanning in one of the following
scanners: Columbia University Medical Center (GE Signa HDx),
Massachusetts General Hospital (Siemens TrioTim), University of
Michigan (Philips Ingenia) and University of Texas Southwestern
Medical Center (Philips Achieva). Prior to the project's initiation,
physicists at each site worked to streamline the data acquisition
and parameters and conducted phantom studies, which increase
reproducibility of findings (Zhu et al., 2011). While we took great
care to minimize inter-site acquisition effects, we recognize that
eliminating these differences is impossible and included site as a
covariate. Further, certain parameters must be optimized according
to each site's scanner; perfect uniformity in parameters across
different scanners, if possible, could produce a disparity in image
quality, and not necessarily improve inter-site compatibility.
Further, we tried to maximize uniformity by performing all DTI
analysis at a single site. Since our goal is widespread clinical
applicability, it was necessary to include multiple sites, enforcing
uniformity to as great an extent as possible. Cortical volume was
estimated by Freesurfer (http://surfer.nmr.mgh.harvard.edu/). In a
previous study performed by our group, Freesurfer-derived vol-
umes were reliable in a test-retest analysis across the four sites
with intraclass correlation coefficients (ICC) and percent differ-
ences (PD) of 0.88 and 1.39, respectively (Iscan et al., 2015).
Although that study does not report amygdala extraction reliability,
our group implemented the same pipeline for the current study and
manually inspected all outlined regions of interest. In a test-retest
analysis of amygdala volume in the same sample, across the four
sites, the average percent difference estimate was 7%. At all sites,
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Fig. 3. Scatterplots of Hamilton Depression Rating Scale scores and fractional anisotropy values in the right (r ¼ 0.142, p ¼ 0.162) and left (r ¼ 0.062, p ¼ 0.540) uncinate fasciculi.
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structural MRIs were acquired using the following parameters: TR
(repetition time): 5.9 (Fig. 6) e8.2 ms; TE (echo time): 2.4e3.7 ms;
Flip Angle: 9�e12�; slice thickness: 1 mm; FOV (field of view):
256 mm � 256 mm; voxel dimensions: 1 mm � 1 mm � 1 mm;
acquisition matrix: 240 � 240, 256 � 243 or 256 � 256; accelera-
tion factor: 2; and 174e178 sagittal slices. Diffusion images were
acquired using a single-shot EPI (echo planar imaging) sequence.
Scan parameters were as follows: TR ¼ 8310e9500 ms;
TE ¼ 95e96.3 ms; Flip Angle 90�; slice thickness ¼ 2.5 mm;
FOV ¼ 240 � 240 mm; voxel dimensions
2.5 mm � 2.5 mm � 2.5 mm or 1.9 mm � 1.9 mm � 2.5 mm;
acquisition matrix ¼ 96 � 96; b value ¼ 1000 s/mm2; and 64
collinear directions with 1 or 5 non-weighted images. DTI scan time
was approximately 10 min.
2.4. Image processing

2.4.1. Diffusion Tensor Imaging (DTI)
All diffusion-weighted and T1 images were processed at Stony

Brook University. Each diffusion-weighted image underwent a
battery of quality assurance tests for common artifacts, including
ghost, ring, slice-wise intensity, venetian blind, and gradient-wise
motion artifacts (Liu et al., 2010). Using the eddy current correc-
tion routine within FSL (FMRIB Software Library, http://www.fmrib.
ox.ac.uk/fsl/), diffusion-weighted images were corrected for
distortion produced by gradient coils and head motion. FSL's Brain
Extraction Tool (BET) was used to distinguish and remove non-
brain tissue from the image. Then, FA was estimated using
Camino [http://web4.cs.ucl.ac.uk/research/medic/camino/pmwiki/
pmwiki.php], which computes the least-squares-fit diffusion
tensor with non-linear optimization using a Levenburg-Marquardt
algorithm, constrained to be positive by fitting its Cholesky
decomposition (Alexander and Barker, 2005; Jones and Basser,
2004).
2.4.2. Region of Interest (ROI) determinations
Using the Bias Field Corrector in Advanced Normalization Tools

(ANTS; http://www.picsl.upenn.edu/ANTS/), the T1 anatomical
images were cropped and corrected for non-uniformity. The
cortical parcellation tool based on the Desikan-Killiany (Desikan
et al., 2006) atlas and the subcortical parcellation tool (Fischl
et al., 2002) in Freesurfer were used to delineate regions of inter-
est (ROIs) after which, they were manually inspected. White matter
voxels were labeled based on the nearest cortical voxel (Salat et al.,
2009). In order to position ROIs in DTI space, the DTI image was
coregistered to the cropped T1 image using ANTS, and the inverse
transformation was applied to the cortical map. Average FA values
were computed in white matter for each ROI. To minimize com-
parisons, two bilateral ROIs were chosen a priori based on reported
white matter deficits in the MDD, anxiety, and anxious depression
literature: uncinate fasciculi and amygdala (Baur et al., 2012;
Hettema, et al., 2012; Phan, et al., 2009; Tromp, et al., 2012).
2.4.3. Tractography analysis
Using FMRIB's Diffusion Toolbox (FDT; Behrens et al., 2007),

probabilistic tractography was conducted. This algorithm repeat-
edly samples from the principal diffusion direction to calculate
probabilistic streamlines passing through each voxel. This method
generates the probability of connections from the seed (medial
orbitofrontal cortex) to the target (amygdala). In running the al-
gorithm, the tract curvature threshold was set to 0.2 mm, the
maximum number of steps per sample to 2000, length of each step

http://www.fmrib.ox.ac.uk/fsl/
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Fig. 4. Scatterplots of Hamilton-derived Anxiety/Somatization factor scores and fractional anisotropy values in the right (r ¼ -0.088, p ¼ 0.387) and left (r ¼ -0.110, p ¼ 0.279)
uncinate fasciculi.

L. Delaparte et al. / Journal of Psychiatric Research 89 (2017) 38e47 43
to 0.5 mm, and 5000 samples. The weighted average of FA within
the defined tracts was computed by first multiplying the voxel-
based FA by the probability of connection at each voxel, then
dividing by the sum of probabilities.

Connectometry
We further explored differences between groups by performing

connectometry (Yeh et al., 2013a) with publicly available software,
DSI studio (http://dsi-studio.labsolver.org). As a complement to
traditional DTI methods, diffusion connectometry measures white
matter tract density by calculating spin distribution function (SDF)
in every voxel in the brain and length of affected track. Using q-
space diffeomorphic reconstruction (Yeh and Tseng, 2011) with a
diffusion sampling length ratio of 1.25, the diffusion data were
reconstructed. The output resolution was 2 mm. A multiple
regressionmodel was used including age, sex and site as covariates.
Local fiber directions with a percentage difference greater than 5%,
10%, 15%, and 20% were connected respectively using a determin-
istic fiber-tracking algorithm (Yeh et al., 2013b). Tracts with con-
nected length greater than 40 mm were included. The false
discovery rate was estimated by applying a total of 2000 random-
ized permutations.

2.5. Statistical analysis

Comparisons between the anxious depressed group and
depressed only group were evaluated statistically using R (R Core
Team, 2013). Because we were testing for differences in the
means of dependent variables, we used an analysis of covariance
(ANCOVA). The ANCOVA compared the variances of the four
dependent variables: fractional anisotropy of the left and right
uncinate fasciculi, and volume of the left and right amygdalae. The
independent variable was anxious depression or non-anxious
depression based on a SCID diagnosis.

In order to reduce error or noise associated with differences in
the outcome measures not attributable to clinical designation, age,
sex and sitewere included as covariates. Total brain volumewas not
included as a covariate because when examining volumetric dif-
ferences, doing so can lead to removal of disease-related effects.
However, age and sex, covariates included in the current study, are
highly related to intracranial volume (Buckner et al., 2004).
3. Results

3.1. Demographics and clinical measures

Demographic and clinical data are presented in Table 1. The ages
and sex distributions of the two groups, anxious depression and
non-anxious depression, were not significantly different (p > 0.05).
Further, there was no difference in depression severity between the
two groups in terms of HAM-D scores (p > 0.05) excluding the
anxiety/somatization factor scores. There were also no significant
differences in the anxiety/somatization factor scores between the
two groups (p > 0.05). There were significant effects of sex on right
FA values (p ¼ 0.004), right amygdalae volume (p ¼ 0.009) and left
amygdalae volume (p ¼ 0.004). There were also significant effects

http://dsi-studio.labsolver.org


Fig. 5. Tracts with significantly increased anisotropy in the anxious depressed group when compared to the non-anxious depressed group and their respective false discovery rates
(FDR). Specifically, most white matter regions exhibited more than 5% increase, while the cingulum, superior longitudinal fasciculus, and parts of the corpus callosum showed a
greater increase of more than 10%.
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of age on the right and left amygdalae volumes (p ¼ 0.041) and
(p ¼ 0.004), respectively.

3.2. Analysis of group differences with covariates: ANCOVA

Results of the ANCOVA showed that there was no effect of
membership on the FA values or amygdala volumes; Wilks’ lambda
was not significant, F(1, 99) ¼ 0.74, p > 0.05 or F(1, 79) ¼ 2.21,
p > 0.05, respectively. ANOVAs for each outcome measure are
presented in Table 2. As specific phobia is associated with milder
levels of clinical distress than other anxiety disorders, we also
conducted the analyses excluding the eight individuals with spe-
cific phobia. The results were unchanged (p > 0.05). Effect sizes
were small for left FA values (h2 ¼ 0.001), right FA
values(h2 ¼ 0.003), and left amygdala volumes(h2 ¼ 0.009). They
were slightly larger for right amygdala volumes (h2 ¼ 0.033). If the
study had a larger sample, the differences in right amygdala volume
could potentially reach significance.

3.3. Interaction effects

Interaction effects were explored, including symptom by group,
group by sex, group by age, and site by group. There were no
interaction effects (all p values > 0.05).

3.4. Correlations between clinical measures and neural outcome
measures

Correlations were calculated between clinical measures and
neural outcome measures. To avoid conceptual and psychometric
overlap, HAM-D anxiety/somatization factor scores were excluded
from the HAM-D correlational analysis. There were no significant
correlations between DTI-based outcome measures or amygdalae
volume and clinical measures at the p � 0.05 level (Figs. 1e4).
3.5. Diffusion connectometry results

The results showed increased anisotropy in the anxious
depressed group with percentage of difference from 5% to 20% in a
number of regions. Nonetheless, the differences have a higher false
discovery rates (FDR) around 0.20 (Fig. 5).

4. Discussion

Previous studies have shown that white matter health is
compromised in both anxiety disorders and depression, so it seems
likely that a co-morbid diagnosis could be associated with com-
pounded alterations.

Five studies to date have found reduced FA in the left uncinate
fasciculus, the tract connecting the orbitofrontal cortex and the
amygdala, of anxious individuals. The depression literature is more
mixed, with some studies finding reduced FA in the uncinate
fasciculus (Cullen, et al., 2010), but another finding no differences
(Olvet, et al., 2016).

In the literature, anxious depression has also been examined
through resting state and functional imaging methods. These
studies have found decreased connectivity in the medial prefrontal
and orbitofrontal cortices (Andreescu et al., 2011), and deficits in
amygdalar activations (Etkin and Schatzberg, 2011). Reductions in
functional connectivity or activation in brain regions could reflect
structural alterations. Existing literature also explores volumetric
differences of brain regions in anxious depressed individuals,
finding increased gray matter volume in the right superior tem-
poral gyrus compared to non-anxious depressed subjects (Inkster
et al., 2011), and reduced volume of the rostral ACC when
compared to healthy controls (Van Tol et al., 2010). Decreased
volume may suggest reduced structural connectivity in these
regions.

The current study sought to explore the discrepancies in the



Fig. 6. Example images of the Freesurfer derived manually inspected regions of in-
terest including the bilateral medialorbitofrontal cortices and the amygdalae.

L. Delaparte et al. / Journal of Psychiatric Research 89 (2017) 38e47 45
depression literature by considering structural connectivity in
depressed subjects with and without co-morbid anxiety disorders.
We hypothesized that the effects of anxiety would lead to more
severe deficits in the white matter of individuals with anxious
depression compared to non-anxious depression. FA was assessed
using probabilistic tractography in a priori regions of interest. Spin
distribution functionwas measured using diffusion connectometry.
Contrary to our hypothesis, there were no group differences in FA
between anxious and non-anxious depressives. Using the whole
brain exploratory diffusion connectometry analysis, we observed
increased anisotropy in the anxious-depressed group, but these
differences were not significant (Fig. 5). It is important to note that
the diagnostic and dimensional measures of anxious depression
were uncorrelated. This has implications for understanding the
previous literature; we cannot assume that results for one measure
of anxious depression apply to other measures. However, in this
study, using several different and unrelated measures of anxiety
and depression, there were still no associations between measures
of anxiety and depression and structural connectivity measures.

This study did not replicate past findings of decreased connec-
tivity in more severe psychiatric populations (Cullen, et al., 2010;
Taylor, et al., 2007), however, the first group used a smaller
adolescent sample (n ¼ 28) and the latter group examined a geri-
atric population. Further, our finding supports our previous study
that found no significant associations betweenwhite matter FA and
depression severity (Olvet, et al., 2016). Existing models of reduced
fractional anisotropy in white matter tracts have failed to replicate
consistently. The mixed findings in the literature may be a result of
differing diagnostic criteria, small sample sizes, medication use,
and differences in DTI resolution. Most previous studies do not
control for, or examine, co-morbid diagnoses and include in-
dividuals taking a wide range of psychotropic medications. In a
recent review, most studies show no association between medi-
cation use and alteration in DTI outcome measures, however, there
are some studies that indicate a significant relationship in multiple
brain regions (Hafeman et al., 2012). Furthermore, most of the
previous studies include DTI protocols with much fewer diffusion
directions and smaller sample sizes. Diffusion weighted acquisi-
tions with >20 directions are more likely to accurately quantify the
white matter structure and the FA values (Giannelli et al., 2010).

To our knowledge, this is the only reported study to date that
examined structural connectivity differences between anxious
depression and non-anxious depression. Lastly, it used a DTI
sequence that encodes for 64 directions of diffusion and imple-
mentation of diffusion connectometry, a whole brain analysis that
could be more sensitive to detecting alterations in white matter
integrity, providing greater confidence in the result.

The lack of significant differences may also reflect the
complexity of both MDD and anxiety disorders. Given the overlap
of symptomatology in psychiatric disorders like generalized anxi-
ety disorder and major depressive disorder, it would also be
important to examine symptom clusters, rather than diagnosis. It
would also be useful to add additional diagnostic groups of anxiety
only and healthy controls to determine that there are no interaction
effect between anxiety and depression or if there are more global
white matter alterations across MDD. As such, the findings of the
current paper could be considered preliminary. Another limitation
of the current study is the homogeneity in anxiety between the two
groups. Lastly, although this sample is moderate in size, we are
underpowered to detect smaller effects or interactions. Under-
standing interaction effects would be important for parsing out
whether variables unrelated to clinical status are influencing the
relationship between structural connectivity and symptoms/diag-
nosis. Future studies should use large sample sizes and strive to-
ward improving methods of accurately measuring white matter
health. Identifying whether or not there are reliable alterations of
structural connectivity in anxious depression would lend a more
accurate understanding of the networks and circuitry of psychiatric
disorders and could provide a more streamlined and direct treat-
ment for co-morbid disorders.
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