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Abstract

Background—Past work demonstrates that depressed individuals with suicidal thoughts or
behaviors exhibit specific neuroanatomical alterations. This may represent a distinct phenotype
characterized by specific findings on neuroimaging, but it is unclear if these findings extend to
individuals with milder thoughts of death. We examined this question in outpatients with recurrent
Major Depressive Disorder not receiving antidepressant treatment.

Methods—We examined 165 subjects: 53 depressed without thoughts of death, 21 depressed
with thoughts of death, and 91 healthy comparison subjects. Participants completed 3T cranial
MRI, including anatomical and diffusion tensor imaging acquisitions. Automated methods
measured regional gray matter volumes in addition to cortical thickness. White matter analyses
examined diffusion measures within specific fiber tracts and included voxelwise comparisons.

Results—After adjustment for multiple comparisons, the depressed group with thoughts of death
did not exhibit differences in regional gray matter volume, but did exhibit reduced cortical
thickness in frontoparietal regions and the insula. This depressed group with thoughts of death also
exhibited widespread white matter differences in fractional anisotropy and radial diffusivity.
These differences were observed primarily in posterior parietal white matter regions and central
white matter tracts adjacent to the basal ganglia and thalamus.
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Conclusions—Muild thoughts of death are associated with structural alterations in regions of the
salience network, default mode network, and thalamocortical circuits. Further work is needed to
understand the pathological basis of these findings.
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1. INTRODUCTION

Suicide is one of the most devastating outcomes of Major Depressive Disorder (MDD).
Although suicidal thoughts are seen in many neuropsychiatric conditions, individuals with
depressive disorders are at particular risk, with reported prevalence of lifetime suicide risk
between 2% to 7% (Bostwick and Pankratz, 2000, Bradvik et al., 2008). Importantly,
suicidal thoughts are not unique to MDD and many patients with MDD never exhibit
suicidal thoughts or behaviors. This suggests that, regardless of diagnosis, there may be
distinct underlying neural differences that are associated with increased risk of suicidal
thoughts and behavior.

Even in the absence of clear suicidal ideation, milder symptoms are common in MDD,
including feelings of being better off dead or passively wishing for death. Such clinical
presentations are common, as thoughts that life is not worth living occur in 15% of younger
individuals seeking mental health treatment, with an additional 16% reporting thoughts of
death or suicidal ideation (Scott et al., 2012). Comparable or higher rates are seen in older
populations (Rurup et al., 2011, Scocco and De Leo, 2002). Despite the frequency of these
milder symptoms, it is unclear if the neural differences observed in more severe suicidal
ideation are also observed in individuals with milder symptoms.

Most work examining neural contributors to suicidality in MDD focused on severely
affected individuals at high risk or with a history of suicide attempts. These studies
identified widespread differences across frontal, temporal and parietal lobes (Hwang et al.,
2010, Wagner et al., 2012). Suicidality is associated with smaller volumes of the anterior
cingulate cortex (Wagner et al., 2011, Wagner, Schultz, 2012, Willeumier et al., 2011),
insula (Soloff et al., 2012, Willeumier, Taylor, 2011), orbitofrontal cortex (OFC) (Monkul et
al., 2007, Soloff, Pruitt, 2012), and dorsolateral prefrontal cortex (Wagner, Schultz, 2012).
Reductions in perfusion and metabolism are also observed in many of these regions
(Willeumier, Taylor, 2011). Suicidality is further associated with subcortical differences,
including smaller volumes of the caudate and basal ganglia (Vang et al., 2010, Wagner,
Koch, 2011) but larger volumes of the amygdala (Monkul, Hatch, 2007) and thalamus
(Lopez-Larson et al., 2013). Suicidality in MDD is also associated with white matter
alterations, with microstructural abnormalities reported in frontal white matter (Olvet et al.,
2014) and the fronto-thalamic circuit, including the anterior limb of the internal capsule,
right lentiform nucleus and OFC (Jia et al., 2013). Reduced corpus callosum volumes are
also associated with suicide attempts in mood disorders (Cyprien et al., 2011, Matsuo et al.,
2010, Nery-Fernandes et al., 2012). Jointly, this work suggests that structural alterations in a
range of networks are involved in suicidal thoughts and behavior. Many of these regions are
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implicated more broadly in depression, yet may be involved differently or to a greater extent
than observed in non-suicidal depression.

Clear suicidal ideation and suicidal behaviors are the severe end of this symptom spectrum,
but milder symptoms including thoughts of death and passive wishes for death are common.
It is unclear if the neuroanatomical findings observed in high-risk suicidal individuals are
also present in individuals with milder thoughts and lower risk. In this study, we
hypothesized that even milder thoughts of death would be associated with gray matter
volumetric differences and white matter microstructural differences. We utilized this past
literature to identify gray and white matter regions that we a priori expected to exhibit
differences in depressed subjects reporting thoughts of death while also conducting whole-
brain analyses. We then tested for group differences using both regional volumetric
measures and voxel-based approaches.

2. METHODS

2.1 Participants and Assessments

Participants were outpatients at Duke University between the ages of 20 and 50 years.
Depressed participants had a DSM-IV diagnosis of recurrent MDD, as assessed by the Mini-
International Neuropsychiatric Interview (MINI, version 5.0) (Sheehan et al., 1998) and
interview with a study psychiatrist (WDT). Following an approach used by others (Sheline
etal., 1999), we used the Diagnostic Interview for Genetic Studies (Nurnberger et al., 1994)
to identify the number of past major depressive episodes and the cumulative duration of
depression, summing over all episodes. Corroborating information was obtained when
possible.

Entry criteria included onset of first depressive episode before age 35 years and a
Montgomery-Asberg Depression Rating Scale (MADRS) (Montgomery and Asberg, 1979)
of 15 or greater. Entry criteria also specified no antidepressant use in the last month;
however, most subjects reported no antidepressant use for at least three months or longer.
Eligible control subjects had neither any lifetime history of psychiatric disorders nor any
history of psychotropic medication use.

Exclusion criteria included other lifetime DSM-1V Axis | disorders including substance
abuse or dependence, although anxiety symptoms occurring exclusively during depressive
episodes were allowable. Subjects were excluded for Axis Il disorders determined by the
Structured Clinical Interview for DSM-1V Axis Il Personality Disorders (SCID-I11) (First et
al., 1997). Additional exclusion criteria included: history of psychosis, use of illicit
substances in the last month, ECT in the last 6 months, a family history of bipolar disorder,
any unstable medical condition, any history of neurological illness or head injury, or MRI
contraindications. Participants who reported acute intent or plans for suicide were excluded
and referred for emergent treatment.

The Duke University Medical Center Institutional Review Board approved this study. All
participants provided informed consent. As data analyses were conducted at VVanderbilt
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University, the Vanderbilt University Institutional Review Board also approved these
procedures.

Depressed participants were dichotomized based on the presence or absence of current
thoughts of death or suicide as determined on the clinician-administered MINI. The MINI
suicidality assessment includes 9 questions assigned differentially weighted scores. The
majority of questions focus on the last 30 days with an additional question assessing any
lifetime history of suicide attempts. Presence of thoughts of death was determined as a score
of 1 or greater, with a score of 1 indicating thoughts of being better off dead or wishing for
death. The score increases with thoughts of self-injury, suicidal intent, plan, or past attempts.
A score of 0 indicates no thoughts of being better off dead.

2.2 MRI Acquisition

Cranial MRI was performed using the eight-channel parallel imaging head coil on a whole-
body MRI system (Trio, Siemens Medical Systems, Malvern, PA). Parallel imaging was
employed with an acceleration factor of 2. Duplicate T1-weighted image sets were acquired
during the scan session using a sagittal MPRAGE sequence with TR/TE = 2300/3.46 msec,
a 240 Hz/pixel bandwidth, a 256 x 256 matrix, a 240 mm diameter field-of-view, 160 slices
with a 1.2 mm slice thickness, yielding an image with voxel sizes of 0.9 x 0.9 x 1.2mm.
Similarly, two identical 20-direction diffusion-weighted acquisitions were acquired during
the session using a single shot 2D diffusion tensor echo planar pulse sequence in the axial
plane. Parameters included TR/TE = 10200/93 msec, a 1396 Hz/pixel bandwidth, a 256 mm
diameter field of view, 75 slices with a 2mm slice thickness yielding an image with voxel
sizes of 2 x 2 x 2mm, 2 signal averages, with 20 diffusion directions, each with a b-value of
1000 sec/mm? plus an acquisition of b = 0 sec/mm2.

2.3 Volumetric MRI Analyses

For both volumetric and DTI analyses, we conducted both evidence-guided regional
measures and atheoretical voxelwise group comparisons. All volumetric measures were
calculated using FreeSurfer (version 5.1) software running in a high-performance Linux
cluster environment. The FreeSurfer methods used to derive cortical and subcortical brain
volumes have been previously described (Dale et al., 1999, Fischl et al., 2002, Fischl et al.,
2004). Cortical parcellation used the Desikan-Killiany Atlas (Desikan et al., 2006); in each
hemisphere, this method identified 33 cortical and 7 subcortical gray matter regions (nucleus
accumbens, amygdala, caudate, hippocampus, pallidum, putamen, and thalamus).
Intracranial volume was assessed using the method implemented in FreeSurfer. We visually
inspected the data by overlaying the surfaces and subcortical segmentations over the T1
data. Individual slices in each orientation were assessed for errors. No manual corrections
were needed.

In secondary analyses, we tested for differences in cortical thickness using Freesurfer’s
QDEC module. This was an exploratory approach to test for differences not captured using
our atlas-based comparisons. In this method, cortical thickness is computed as the shortest
distance between any point on the pial surface and the gray/white boundary and vice-versa;
these two values are averaged (Fischl and Dale, 2000). Maps were smoothed using the
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standard Gaussian kernel of 10mm. We used a general linear model (GLM) to test for
differences in cortical thickness between diagnostic groups, including age as a nuisance
variable. Correction for multiple comparisons was carried out using the Monte Carlo
simulation method with a p < 0.05. Data were tested against an empirical null distribution of
maximum cluster size by running 10,000 synthesized Gaussian noise simulations with an
initial threshold of p < 0.05. Right and left hemispheres were tested separately.

2.4 White Matter Analyses

Diffusion tensor imaging (DTI) data were run through quality assurance tests (Lauzon et al.,
2013) and corrected for distortion and head motion using the eddy current correction within
FSL (Smith et al., 2004). The FSL Brain Extraction Tool removed non-brain tissue (Smith,
2002) and “dtfit” fit the diffusion tensor model within each voxel, creating fractional
anisotropy (FA) and radial diffusivity (RD) maps, with RD calculated as the mean of the
two smaller eigenvalues. Diffusion data were next processed using the Tract-Based Spatial
Statistics (TBSS) module (Smith et al., 2006). All subjects’ FA data were aligned into
common MNI space using the nonlinear registration tool FNIRT (Andersson et al., 2007a,
b), which uses a b-spline representation of the registration warp field (Rueckert et al., 1999).
Next, the mean FA image was created and thinned to create a mean FA skeleton that
represents the center of all tracts common to the group. Each subject’s aligned FA data was
then projected onto this skeleton. Similarly, each subject’s RD data were projected onto this
skeleton using the same parameters. Similar to an approach used by others (Huang et al.,
2012), to acquire quantifiable tract- and region-specific DTI measures, the FA and RD
skeletons were parcellated with the JHU ICBM-DTI-81 white-matter label atlas (Wakana et
al., 2007). We extracted the average FA and RD for the skeleton voxels in each region.

For voxelwise analysis of the RD and FA data, we used the general linear model (GLM)
method included in the FSL tools. The significance threshold was set to p < 0.05 corrected
for family-wise error using the Threshold-Free Cluster Enhancement method in FSL’s
randomise tool. The TBSS analyses were performed for both the RD and FA maps,
comparing controls vs. depressed individuals with thoughts of death vs. depressed
individuals without thoughts of death. In all comparisons, we controlled for age and sex.
Only clusters of 50 voxels or greater were considered significant.

2.5 Selection of a priori regions of interest

Selection of a priori volumetric regions for primary analyses was based on work that
identified volumetric or metabolic differences related to suicidality in MDD. These
included: the orbitofrontal cortex (OFC) (Mahon et al., 2012, Monkul, Hatch, 2007, Soloff,
Pruitt, 2012), cingulate cortex (Amen et al., 2009, Wagner, Koch, 2011, Wagner, Schultz,
2012, Willeumier, Taylor, 2011), insula (Soloff, Pruitt, 2012, Willeumier, Taylor, 2011),
amygdala (Monkul, Hatch, 2007), parahippocampus (Altshuler et al., 1990, Soloff, Pruitt,
2012), thalamus (Lopez-Larson, King, 2013) and basal ganglia (Vang, Ryding, 2010,
Wagner, Koch, 2011, Willeumier, Taylor, 2011). Similarly, past work using both volumetric
and DTI methods to examine white matter in suicidal individuals identified: the internal
capsule (Jia, Wang, 2013), thalamic radiation (Jia, Wang, 2013, Lopez-Larson, King, 2013),
cingulum bundle (Yurgelun-Todd et al., 2011), and the corpus callosum (Cyprien, Courtet,
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2011, Matsuo, Nielsen, 2010, Nery-Fernandes, Rocha, 2012). We included the uncinate
fasciculus as it connects with the orbitofrontal cortex, identified in gray matter analyses (Jia,
Wang, 2013, Mahon, Burdick, 2012). Although differences in the ventromedial or
dorsomedial PFC white matter are reported in suicidality (Olvet, Peruzzo, 2014), we did not
include these regions as they do not clearly map onto specific tracts identified in our analysis
method.

2.6 Statistical Analyses

All analyses were conducted using SAS 9.3 (Cary, NC). Given the large number of variables
available through our image analysis techniques, we planned a two-step analysis strategy.
For our primary approach, we examined the a priori regions from past literature. For these
analyses, we used FDR (false discovery rate, implemented within SAS) to control for
multiple comparisons within the volumetric and DTI data. In a secondary approach, we
examined all remaining identified regions, again using FDR to control for multiple
comparisons.

We tested for univariate differences among study groups (depressed/thoughts of death,
depressed/no thoughts of death, and control) in demographic and clinical variables using
chi-square tests for categorical variables and ANOVA for continuous variables, with
subsequent post-hoc group comparisons using the least squared means approach. Group
comparisons of imaging measures (volumetric or DTI) were conducted using mixed models
(PROC MIXED). Imaging measures were dependent variables; for regions measured
bilaterally, these were repeated measures with hemisphere included as an independent
variable. Study group, age, sex, race (dichotomized as white or minority) were also included
as independent variables. Total intracranial volume was included as an independent variable
for volumetric analyses. When we observed statistically significant differences in the study
group variable, we tested for differences between adjusted group means using the least
squares means approach.

3. RESULTS

3.1 Sample Characteristics

We examined 165 subjects: 53 adults with depression but no suicidality or thoughts of death
(DepNS), 21 with depression and suicidality or thoughts of death (DepSl) and 91 healthy
comparison subjects (controls; Table 1). Depression severity by MADRS differed between
groups, reflecting differences between the controls and both depressed groups (p<0.0001),
but not between the depressed groups (p=0.0852). Although data were unavailable for 5
subjects, there was no statistically significant difference between the DepNS and DepSl
groups in number of total depressive episodes (DepNS: 3.2, SD=2.0; DepSl: 2.9, SD=1.1;
t=0.41, 67df, p = 0.6841) or lifetime estimate of depression duration in months (DepNS:
70.1, SD=62.7; DepSl: 72.2, SD=53.2; t=0.11, 67df, p = 0.9137). To better elucidate
differences in depressive symptomatology between the depressed groups, we tested for
univariate differences in each MADRS item. The only items with statistically significant
group differences were Item 2 (Reported Sadness; DepNS 3.0, SD=0.8; DepSl 3.4, SD=0.6;
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77 df, t =2.59, p = 0.0115) and Item 10 (Suicidal Thoughts; DepNS 0.06, SD=0.2; DepSl
1.58, SD=0.7; 77 df, t = 11.20, p < 0.0001).

By definition, both the control group and DepNS group had scores of 0 on the MINI
suicidality assessment, indicating no current thoughts of death and no history of past suicide
attempts. The DepSI group had a mean suicidality score of 7.3 (SD=4.8, range = 1-19). Per
the MINI, 12 subjects were “low” suicide risk (score 1-8), 8 were “moderate” (score 9-16)
and 1 was “high” (score = 17). In addition to endorsing at least current thoughts of death, 10
of the 21 DepSl participants endorsed a history of past suicide attempts. No subjects
endorsed thoughts of self-harm or recent self-injurious behavior without also endorsing at
least thoughts of or wishes for death.

3.2 Gray matter differences

For our primary volumetric analyses, we examined 12 Freesurfer-defined regions
(Supplemental Table 1). After controlling for covariates, no regions significantly differed
between study groups after FDR correction. In secondary analyses, we tested for group
differences in the remaining Freesurfer-defined regions. Again, no regions significantly
differed between study groups after FDR correction.

We then tested for differences in cortical thickness. Areas that differed between the two
depressed groups (Figure 1) included regions in the left hemisphere frontal, temporal, and
parietal lobes, with the largest cluster over the insula. No regions differed in the right
hemisphere. There were no regions where cortical thickness significantly differed between
the control group and either of the depressed groups.

3.3 White matter microstructural differences

After controlling for covariates, multiple a priori white matter measures exhibited
significant group differences after FDR correction (Figure 2, Supplemental Table 2). These
regions included the cingulum bundle adjacent to the hippocampus, the anterior thalamic
radiation, the posterior limb of the internal capsule, and the superior and posterior corona
radiata. Several additional regions exhibited DTI differences between groups at unadjusted
p-values not surviving FDR correction, including the cingulum bundle adjacent to the
cingulate gyrus, posterior thalamic radiation, and anterior limb of the internal capsule.

We conducted pairwise comparisons for regions that significantly differed between groups
prior to FDR correction (Figure 2, Supplemental Table 3). In all statistically significant
comparisons, the DepSlI group consistently exhibited higher RD and lower FA. Only one
region — RD of the posterior internal capsule — exhibited a significant difference between the
control and DepNS groups, with the DepNS group exhibiting lower RD in this region than
the control group.

In secondary analyses we tested for group differences in tracts that we did not a priori plan
to examine. After FDR correction, we did not observe any statistically significant
differences.
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Finally we conducted voxelwise group comparisons of the FA and RD white matter
skeletons. We found multiple white matter regions exhibiting differences between the
control and DepSI groups and between the DepNS and DepSl groups (Table 2, Figure 3).
When compared with other groups, in statistically significant clusters the DepSI group
exhibited lower FA and higher RD values. These clusters were widespread but primarily
occurred in central white matter regions adjacent to the thalamus and in posterior regions,
including the splenium of the corpus callosum and posterior corona radiata. No statistically
significant differences were observed in either FA or RD between the control and DepNS
groups.

4. DISCUSSION

When compared with individuals without thoughts of death, depressed individuals with
thoughts of death exhibit widespread alterations in white matter microstructure. These
findings were robust across central tracts and in parietal and temporal regions. In contrast,
we observed no difference in regional gray matter volumes after FDR correction. However,
analyses examining cortical thickness found statistically significant isolated differences in
the left hemisphere, including the insula.

Our findings in the white matter are generally concordant with past reports in populations
with more severe symptoms of suicidality and implicate fibers involved with multiple
cortical, striatal, and limbic connections. Multiple factors may contribute to white matter
alterations as detected by DTI. One possibility given the widespread nature of this study’s
findings suggests that the DTI alterations may reflect underlying glial pathology. Alterations
in astrocyte morphometry and function are associated with suicide (Ernst et al., 2011,
Torres-Platas et al., 2011). Additionally, as RD is thought to be a marker of myelination
(Song et al., 2002, Wei et al., 2013), our findings may reflect oligodendrocyte dysfunction
and myelination deficits, which are themselves associated with suicide (Klempan et al.,
2009a, Klempan et al., 2009b). The gray matter findings were more focal and limited.
However, our analysis of cortical gray matter thickness supported past work identifying
differences in the insula (Soloff, Pruitt, 2012, Willeumier, Taylor, 2011).

Jointly, these data provide important clues about neural circuits involvement in thoughts of
death and suicidality. The insula is a component of the salience network and through
connections with the amygdala and cingulate cortex may potentiate the neural response to
negative stimuli (Hamilton et al., 2012, Seeley et al., 2007). The pulvinar nucleus of the
thalamus is also involved in this network (Hamilton, Etkin, 2012), and observations of
disruption in the internal capsule and thalamic radiations further support this network may
be disrupted in individuals with suicidal thoughts. Additionally, the DTI findings in the
parietal white matter regions potentially implicate the default mode network’s (DMN’s)
posterior hub. This theory is supported by cortical thinning in the superior parietal gyrus and
involvement of the parahippocampal gyrus, which is connected to the DMN (Greicius et al.,
2003). The DMN is involved in self-referential thoughts; when coupled with dysfunction in
the salience network, this may result in greater self-referential responses to negative stimuli.
These theories require testing.
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4.1 Comparison of depressed and control subjects without thoughts of death

Except for the posterior limb of the internal capsule, we did not observe any regions that
exhibited significant differences between nonsuicidal depressed and control groups. This is
in contrast to past studies reporting volumetric or DTI differences in MDD, as previously
reviewed (Kempton et al., 2011), although recent large studies have also not found
significant differences on DTI measures between depressed and nondepressed groups (Choi
et al., 2013). This is an important negative finding, as our sample of 165 subjects (91 control
and 74 depressed participants) is comparable in size to those of the largest previously
published non-geriatric volumetric imaging studies examining MDD that reported samples
ranging from 156 to 230 subjects (Frodl et al., 2008, Jessen et al., 2009, Meisenzahl et al.,
2010). By examining a subpopulation with even mild thoughts of death, we may be teasing
apart heterogeneity within the diagnosis of MDD that contributes significantly to past
reports of volumetric and DTI differences. More broadly, the underlying heterogeneity
within the diagnosis of MDD may contribute to the discrepancy between our lack of
findings between the nonsuicidal depressed and control groups and other published reports.
In the end, this supports the concept that volumetric differences on MRI are not seen in all
individuals with MDD.

Age may also be a critical difference. These past larger studies reported mean ages between
45-54 years (Kempton, Salvador, 2011), while our sample was younger, with a mean age of
32.7 years. Although best studied in the hippocampus (Sheline, Sanghavi, 1999), volumetric
differences observed in past studies may be related to depression duration and cumulative
burden, which would be more observable with aging. This is supported by a meta-analysis
that reported no difference in hippocampal volumes between individuals with and without
MDD (McKinnon et al., 2009). However, upon limiting analyses by age, the authors found
differences in hippocampal volume in midlife or older depressed adults, but not younger
adults. The authors proposed that they observed an effect of recurrent depressive episodes
on brain morphology, an effect that had not yet manifested in the younger cohort. If
volumetric differences in MDD are related to a cumulative effect of depression over time,
this could explain the lack of findings in our younger adult cohort.

4.2 Study Strengths and Limitations

The primary strength of the study is the overall large, well-defined sample. Our
antidepressant-free depressed group is well characterized with recurrent depressive episodes.
Moreover, our image analysis plan uses well-established methods and adjusts for multiple
comparisons. However, the method used to acquire DTI data used 20-directions, which is
less than modern techniques using 25-30 directions. Although the FDR approach is more
conservative than some alternate methods for controlling for multiple comparisons, we
desired to have a robust approach given the large number of comparisons examined. Using a
less conservative method would not have substantially changed the overall study
conclusions.

The primary limitation relates to the definitions used within the depressed group. The group
reporting thoughts of death is the smallest of the three groups, raising the issue that the
groups were disproportionate and may have been underpowered for some analyses.
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Additionally, thoughts of death were assessed with the MINI. Although a helpful tool, more
robust instruments than the MINI are available, such as the Columbia-Suicide Severity
Rating Scale (C-SSRS) (Posner et al., 2011). Our definition for this group was broad,
leading to clinical heterogeneity and a range of severity within the group reporting thoughts
of death. Moreover, approximately half of the group reporting thoughts of death reported a
past history of suicide attempts, demonstrating the heterogeneity even in this sample. These
clinical differences may be related to other differences in neurobiology that we could not
elucidate in the current study. Additionally, although study participants were antidepressant-
free for at least a month prior to enrollment, they were not antidepressant-naive. Thus it is
uncertain how antidepressant exposure months or even years earlier may have affected the
study results.

4.3. Conclusions

Future studies should examine suicidal ideation as a phenotype both in MDD and across
psychiatric diagnoses. Further work is needed in better-balanced samples to see if even
milder thoughts of death as well as more severe symptoms of suicidality are related to
common circuit deficits or common white matter abnormalities. Distinctions between
individuals with thoughts of death and those with true suicidal ideation should be
considered, examining whether there is progressive differences noted on imaging
corresponding with the greater clinical severity. This question may lend itself to a
dimensional approach as has been proposed for other symptoms in the NIMH’s Research
Domain Criteria project.

Our findings should be further explored by examining the nature of the changes observed on
DTI. It will be important to consider if these findings represent widespread white matter
pathology, or changes that are limited to thalamocortical circuits or the default mode
network. This could involve future neuroimaging studies examining other white matter
measures but also longitudinal studies or autopsy studies examining persistence of white
matter disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Difference in cortical thickness between depressed groups
Map of regions in the left hemisphere where cortical gray matter thickness differs between

suicidal and nonsuicidal depressed groups. Blue regions are those areas where cortical
thickness is lower in the suicidal group, including the insula (p = 0.0001, peak MNI
coordinates —33.5, 1.4, 6.5), caudal middle frontal gyrus (p=0.0169; peak —24.5, 4.1, 42.9),
superior parietal gyrus (p=0.0448; peak —31.3, 46.7, 48.2) and superior temporal gyrus
(p=0.0119, peak -52.6, —10.6, 0.4). There were no differences in cortical thickness in the
right hemisphere and no regions where the nonsuicidal depressed cohort exhibited smaller
cortical thickness.
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Figure 2. DTI measures by diagnostic group
Mean measures of fractional anisotropy (FA) and radial diffusivity (RD) with standard

deviations. After controlling for controlling for age, race, sex, and hemisphere, the presented
tracts exhibited a significant difference between groups in either RD or FA at unadjusted p-
values (Supplemental Table 2). Statistical data show F values for group variable and the
FDR-corrected p-value, with 2 degrees of freedom for the variable and 158 for the model.
Overall, suicidal depressed subjects tended to have higher RD and lower FA in these tracts.
Statistically significant group comparisons for regions surviving FDR correction are shown
with brackets, ¢ p < 0.05, * p < 0.01.

CBJcg - cingulum, cingulate gyrus; CB/hpc — cingulum, hippocampus region; CR/super —
superior corona radiata; CR/post — posterior corona radiata; CC, splen — splenium of the
corpus callosum; ALIC — anterior limb of the internal capsule; PLIC — posterior limb of the
internal capsule; ATR — anterior thalamic radiation; PTR — posterior thalamic radiation.
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Suicidal vs Nonsuicidal Suicidal vs Nondepressed
Depressed Controls

Figure 3. Voxelwise comparison of DTI measures between groups
Comparisons between groups in whole-brain measures of FA (fractional anisotropy) and RD

(radial diffusivity). Please refer to Table 2 for location of cluster maxima. Green voxels
represent the white matter skeleton, red voxels are areas of lesser value in the suicidal group,
and blue voxels are areas of greater value in the suicidal group. In these analyses, the
suicidal group exhibited lower FA and higher RD in identified regions when compared with
either the nonsuicidal depressed group or the control group. There were no white matter
regions exhibiting significant differences in either FA or RD between the nonsuicidal
depressed and nondepressed control groups.
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