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Abstract

Background—Few studies have investigated the relationship between structural brain
abnormalities and dimensions of depressive symptomatology.

Methods—In the current study, we examined the relationship between cortical structural
abnormalities and specific behavioral dimensions relevant to depression in a sample of
unmedicated patients with major depressive disorder (MDD, n=57) and demographically similar
healthy control volunteers (HC, n=29). All subjects underwent diagnostic assessment with the
SCID, MRI at 3T, and behavioral dimensional assessments using the visual analog scales (VAS).
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Cortical regions were extracted for each subject, and group comparisons of cortical volume (CV),
surface area (SA), and cortical thickness (CT) were performed controlling for multiple
comparisons using a bootstrapping technique. Regions demonstrating group differences were
analyzed for correlation with specific behavioral dimensions.

Results—As compared with HC, MDD subjects exhibited reduced CV within the left
supramarginal gyrus, right ventrolateral prefrontal cortex (VLPFC), entorhinal cortex,
parahippocampal gyrus, fusiform gyrus and pericalcarine, reduced SA in the right VLPFC,
cuneus, and left temporal pole, and reduced CT in the right rostral anterior cingulate cortex
(rACC) (all p’s < 0.05, corrected). The largest effect occurred within the right VLPFC CV and SA
(MDD<HC,; effect sizes: 0.60). CV in the right VLPFC inversely correlated with sadness, fatigue
and worry, and CT in the right rACC inversely correlated with irritability and fatigue.

Limitations—~Future studies will be required to further map the anatomical changes in
depression to behavioral dimensions.

Conclusions—Our results indicate that specific cortical abnormalities are associated with
specific behavioral components linked to depression.

Introduction

Biomarkers based on neuroimaging techniques noninvasively visualize brain abnormalities
implicated in MDD and are well-suited to guide the development of novel treatments, assess
treatment response, and tailor treatment approaches to biological subtypes of depression
(Lener and losifescu 2015; Niciu et al. 2014). Structural MRI methods using cortical
parcellation and morphometic analysis have allowed for the examination of subtle
morphometric brain changes (eg., cortical thickness and surface area) (Tu et al. 2012; Qiu et
al. 2014; Han et al. 2014) through the application of FreeSurfer (Fischl 2012), voxel-based
morphometry (VBM), and voxel-based analysis (VBA) have allowed for the detection of
subtle structural abnormalities in MDD within prefrontal, temporal, and limbic areas
compared to healthy volunteers (Lorenzetti et al. 2009; Kempton et al. 2011; Bora et al.
2012; Du et al. 2012; Lai 2013; Sacher et al. 2012).

Given the importance of early identification of individuals at risk for depression, studies
have sought to identify whether specific brain structural abnormalities can be seen prior to
onset of illness. Cross-sectional studies of unaffected first-degree relatives of patients with
MDD, have shown volumetric reductions in the hippocampus (Foland-Ross et al. 2015) and
increases in the amygdala (Romanczuk-Seiferth et al. 2014) compared to non-depressed
cohorts without familial risk. In a longitudinal study of 86 adolescents, emergence of
depression was associated with attenuated growth of the hippocampus during early to mid-
adolescence, suggesting that brain volumetric changes in individuals at high risk for
depression occur progressively prior to the onset of depression (Whittle et al. 2014). In
another longitudinal study of a large sample of unmedicated depressed adult patients
(N=103), number of depressive episodes was associated with volumetric reduction in the
dentate gyrus and medial prefrontal cortex (Treadway et al. 2015). And, in a study of a large
sample of healthy volunteers (N=102), male but not female subjects with subclinical
symptoms of depression (measured by the Beck Depression Inventory), showed volumetric
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reductions in limbic areas (Spalletta et al. 2014). Taken together, this suggests that structural
abnormalities in prefrontal cortical and limbic areas, associated with symptoms of
depression, may serve as an at-risk biomarker of MDD (Treadway et al. 2015).

Moreover, although many structural neuroimaging studies of MDD have examined
associations between structural brain abnormalities and clinical variables (eg., age at onset,
duration of illness, number of episodes, length of remission, effect of medication, and
severity of the current depressive episode) (Lorenzetti et al. 2009; Bora et al. 2012; Du et al.
2012; Lai 2013; Grieve et al. 2013), few have examined specific symptom or behavioral
dimensions of depressive illness (Chuang et al. 2014; Machino et al. 2014; Pizzagalli et al.
2004; Joffe et al. 2009). In prior studies, prominent anhedonia in patients with MDD has
been associated with a significant reduction in overall gray matter density by age compared
to MDD patients without anhedonia and a healthy control group (Pizzagalli et al. 2004).
Negative symptoms (eg., blunted affect, alogia, and social withdrawal) have been associated
with a significant reduction in gray matter volume in the cerebellum (Chuang et al. 2014).
Rumination, the non-productive compulsive attention on internal mental distress (Treynor W
2003), has been associated with increased gray matter volume in the right superior temporal
gyrus in patients who have failed two or more trials of antidepressants (ie., treatment-
resistant depression) (Machino et al. 2014). And, in MDD patients with high levels of
neuroticism, trait depression, and chronic stress, the effect of hippocampal volume reduction
was mediated by BDNF 66Met carrier status (Joffe et al. 2009). If replicated, this may
provide genetic links between stress-related brain morphometric changes and risk of onset or
recurrence of depression.

Based on the National Institute of Mental Health (NIMH) Research Domain Criteria (R-
DoC) initiative (Insel et al. 2010), the categorization of symptoms into domains or
dimensions (eg., emotion regulation, cognitive processing systems, memory processing, and
perception) was proposed to investigate underlying neural circuits and systems emerging
from a wide array of research techniques (eg., neuroimaging, genetics, electrophysiology,
etc.). From this framework, links could be examined between structural and functional brain
abnormalities, pathophysiologic mechanisms, risk of illness, and likelihood of treatment
response. For example, fMRI studies measuring neural activity in response to the induction
of rumination have shown hyperactivity in the subgenual anterior cingulate cortex (SgACC)
and dorso-medial prefrontal cortex (dmPFC) (Kross et al. 2009; Lemogne et al. 2009;
Yoshimura et al. 2010), and hypoactivity in the dorsomedial thalamus and ventral striatum
(Grimm et al. 2009). In a meta-analysis of fMRI studies examining neural activation
correlates of antidepressant treatment response, increased neural activity in the rostral
anterior cingulate cortex (rACC) robustly (Cohen’s d: 0.918) predicted an antidepressant
response across 23 studies using different treatment interventions (Pizzagalli 2011). In a
recently published fMRI study from our group, patients with treatment-resistant depression,
in contrast to a healthy comparison group, showed reduced neural responses to positive
faces in the right caudate, which appeared to increase in association with an antidepressant
response to ketamine within a similar region of the right caudate (Murrough et al. 2015).
Yet, in the clinical setting, the diagnosis of MDD is based on the coexistence of discrete
symptoms taken from the Diagnostic and Statistical Manual of Mental Disorders (ie. DSM)
(Association. 2013). Therefore, in order to implement neuroimaging biomarkers of
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depression into an effective diagnostic algorithm in the clinical setting, a rapid and valid
method of detecting patients at high risk for depression is necessary.

In order to examine structural imaging biomarkers of depression, we performed an MRI
study on 57 MDD patients and 29 healthy control subjects (HC) at 3T and investigated
whether differences in cortical regions found in patients with MDD were linked to symptom
domains of MDD, measured by the visual analogue scale (VAS), across the depressive
spectrum. We chose the VAS, as it is a well-validated scale of an array of depressive
symptoms apt in discriminating illness severity (Folstein and Luria 1973; Killgore 1999)
that can be rapidly self-administered.

Materials and Methods

Overall Approach

Participants

We were interested in examining whether regionally specific structural differences found in
MDD are 1) specific to individual symptoms of depression, and 2) are also found in non-
depressed individuals who exhibit sub-clinical depressive symptoms. As such, our analytic
approach consisted of a data-driven whole-brain cortical morphometric analysis comparing
cortical volume (CV), surface area (SA), and cortical thickness (CT) of patients with MDD
and HC. Extracted regions showing significant differences in CV were used to perform
clinical correlations with VAS scores with two different approaches. In the first case, we
performed correlations only within the MDD group to investigate whether CV correlated
with depressive symptoms related to an MDD diagnosis. In the second case, we performed
CV correlations with VAS scores throughout our entire cohort (MDD and HC) to investigate
whether CV correlated with behavioral dimensions relevant to depression along a depressive
spectrum (ie., depressive symptoms unrelated to diagnosis).

Institutional Review Board (IRB) approval for this study was obtained. Fifty-seven MDD
patients and 29 healthy volunteers were recruited and screened through the Mood and
Anxiety Disorders Program (MAP) at Mount Sinai. All MDD patients who met current
criteria for a major depressive episode, as assessed with the Structured Clinical Interview for
DSM-IV—~Patient Edition (Flrst MB 1995), were free of concurrent antidepressant
medication for at least 1 week before imaging and had current depressive symptoms of at
least moderate severity as determined by a score of 20 or greater using the Montgomery-
Asberg Depression Rating Scale (MADRS) (Montgomery and Asberg 1979). Exclusion
criteria included a lifetime history of schizophrenia or other primary psychotic disorder,
current Axis | diagnosis other than MDD, including current psychotic or manic symptoms,
evidence of Axis Il diagnoses, substance use disorder within one month of screening, a
positive urine toxicology at screening, or any unstable medical illness. Physical
examination, vital signs, weight, electrocardiogram, standard blood tests, and urinalysis
confirmed absence of unstable medical illnesses. Women of childbearing potential were
required to have a negative pregnancy test before enroliment and immediately before
treatment. After complete description of the study to potential participants, written informed
consent was obtained.
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Data Acquisition, Processing, and Statistical Analysis

All patients and controls underwent a high-resolution T1-weighted MRI scan at 3T (Philips
Achieva 3.0T X-series). Scan parameters were: 3D MPRAGE, TE/TR:3.49/7.60mes, flip
angle: 8°, FOV 21 cm and voxel volume of 0.94x0.94x1mm. We performed automated
segmentation of brain subvolumes and parcellation of the brain cortex using the FreeSurfer
software package (Fischl 2012). CV, SA, and CT were calculated from cortical parcellation.
MDD patients and HCs were compared using a two-tailed Student’s t-Test.

Multiple comparisons correction was implemented as a bootstrap technique (Efron 1979).
For each measure, the bootstrap was implemented using resampling with replacement, over
regions and subjects. Before resampling, the measures over subjects for each region were Z-
normalized to control for systematic region variation in structure measures (ie., size,
thickness, etc). Resampling with replacement was implemented by drawing indices with a
randint function call over the range of integers between 0-[subjects x regions], [subjects x
regions] times. After resampling, Z-values were rescaled based on the initial means and
variances. A two-sample T-test was computed comparing the group difference between
MDD and HC, for each iteration of resampling. The distribution of T values accumulated by
the bootstrap procedure comprised a null distribution, against which the test T-statistic was
ranked against. This procedure also approximately controlled for statistical bias due to
sample size differences. Corrected p-values were found to agree closely with nominal p-
values.

Clinical Measures of Symptoms

Results

We computed subject-level means of cortical volume over regions with significant (p<0.05,
corrected) group differences for further covariation analyses. Depression severity was
measured using MADRS; Inter-rater reliability was assessed using a two-way mixed,
absolute-agreement, single-measures intra-class coefficient (ICC) (McGraw 1996), which
was in the very high range, ICC = 0.904 (Cicchetti 1994), suggesting that depression
symptoms were rated similarly across raters. Individual depressive symptoms were assessed
using the patient-reported Visual Analog Scale for mood (VAS) (Folstein and Luria 1973).
For the VAS, we used anxiety, worry, irritability, sadness, and fatigue scores as they reflect
core components of depression that may map to separate neural systems (Nelson and
Charney 1981). We performed correlations using appropriate statistics SPSS, version 22.
Correlations performed within our total sample (across HC and MDD groups) were
calculated using Spearman’s rho for robustness against non-normal distributions whereas
Pearson’s r was used for correlations within the MDD group.

Demographics and Clinical Characteristics

The MDD and HC groups had no significant differences in age, gender, race, handedness, or
level of education. As expected, the HC group demonstrated significantly lower MADRS
and VAS scores than the MDD group (Table 1).
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Whole-Brain Analysis

Table 2 summarizes significant differences in cortical morphometry (CV, CT, and SA).
Compared to HC, MDD patients had reduced CV in the pars triangularis (within a section
commonly known as the ventrolateral prefrontal cortex, VLPFC), the entorhinal cortex, the
parahippocampal gyrus, the fusiform gyrus, the pericalcarine cortex in the right hemisphere
and the supramarginal gyrus in the left hemisphere. Reduced SA was also found in the right
VLPFC, cuneus, and left temporal pole in MDD as compared to HC. The largest effect was
within the VLPFC (MDD<HC) with respect to CV and SA (Cohen’s d: 0.60). Reduced CT
was also found in the right rACC (See Figures 1-3).

Correlation Analysis

The extracted cortical regions that reached significance after correction in our whole-brain
analysis were analyzed for covariation with behavioral dimensions measured using the VAS
(Table 3). The assumption of non-normality across the entire sample of subjects (MDD and
HC) was confirmed using Kolmogorov-Smirnov tests for normality. Across all subjects
(MDD and HC), CV reductions in the right VLPFC were associated with sadness (r=
-0.371), fatigue (r=-0.442), and worry (r=-0.430) (Figure 4). Given the emerging evidence
of structural and functional abnormalities in the ACC in MDD (Pizzagalli 2011; Salvadore
et al. 2009; Salvadore et al. 2010), we performed a post-hoc correlation of the right rACC
and found that right rACC CT negatively correlated with VAS measures of irritated (p =
0.036) and fatigued (p = 0.015) across all subjects. Within the MDD group, CV reduction in
the right VLPFC was associated with sadness (r=-0.362), fatigued (r=—0.393), and worry
(r=-0.391) (see also Figure 4).

Conclusion

In the current study, specific morphometric reductions found in patients with MDD correlate
with specific behavioral dimensions of depression across a clinical spectrum. Our main
findings were that cortical volume is reduced within the VLPFC and that this reduction
correlates with discrete behavioral dimensions in the depressive spectrum as measured by
VAS. While previous studies have investigated the relationship between structural
neuroimaging abnormalities and symptom domains of depression (Pizzagalli et al. 2004;
Savitz and Drevets 2009; Chuang et al. 2014; Machino et al. 2014), this is the first study to
examine the relationship between cortical structural abnormalities in MDD and specific
behavioral dimensions of depression in a large sample of adult MDD and HC subjects. If
replicated, behavioral symptoms in addition to structural imaging abnormalities may provide
an expedient method of identifying patients at high risk for depression in the clinical setting
where time and financial resources are limited.

Our results from the data-driven morphometric analysis are consistent with widespread brain
morphometric abnormalities associated with MDD, particularly within specific frontal and
medial temporal regions of the brain (Grieve et al. 2013; Zeng et al. 2015). Animal models
of depression have shown that the cellular effects of stress at the level of the hippocampus
and prefrontal cortex leads to a reduction in the structure and function of both neurons and
supporting glial cells via reductions in long-term potentiation (LTP) (Kullmann and Lamsa
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2011), retraction of dendritic arborizations (Haber, Zhou, and Murai 2006), and reduced
volume of astroglia (Lushnikova et al. 2009). Therefore, CV reduction in the MDD group,
particularly in frontal, medial temporal, and limbic areas, may reflect stress-related
neurotoxic effects (Treadway et al. 2015) that precede manifestation of illness. This is
supported by a recent study that demonstrated an association between ACC and orbitofrontal
cortical volumetric reduction and subclinical depressive symptoms in a cohort of non-
depressed subjects (Webb et al. 2014). Our study extends upon this finding as CV reduction
in the VLPFC associated with depressive symptoms along a spectrum from healthy subjects
to patients diagnosed with depression. Although the relationship between structural and
functional brain abnormalities has been less clear (Guo, Liu, Yu, et al. 2014; Guo, Liu,
Zhang, et al. 2014; Drevets, Price, and Furey 2008; Price and Drevets 2010; Singh et al.
2013), CV reduction in the VLPFC may be associated with dysconnectivity in functional
brain networks as reported by a recent meta-analysis of MDD studies using resting state
functional connectivity(Kaiser et al. 2015). Future work using is necessary to examine
pathophysiological mechanisms that may link how CV abnormalities are associated with
emergence of specific symptoms.

CV reductions in the right VLPFC robustly correlated with behavioral dimensions of
sadness, worry, and fatigue that correspond to components of negative affect (Insel et al.
2010). These dimension-specific findings are in line with the proposed RDoC initiative by
the National Institute of Mental Health(Insel et al. 2010). From these constructs, models
have been proposed to examine the complex functional relationships within prefrontal,
limbic, parietal, and striatal regions in association with positive and negative valence
circuits, cognitive control systems, and the mind’s “default” state (Langenecker, Jacobs, and
Passarotti 2014; Woody and Gibb 2015). In our study, sadness was associated with CV
reduction in the prefrontal cortex (ie., VLPFC). Depressed mood (or sadness) is the highest
reported negative affective symptom of depression (Nair et al. 1999) and has been
associated with overactivity in limbic regions and hypo-activity in the prefrontal cortex
(Mayberg et al. 1999). Although speculative, specific symptoms of depression, particularly
those that fall under the negative affective RDoC domain (eg., persistent sadness), may be
associated with more severe pathology that can be detectable by current structural imaging
methods.

The symptom of worry was linked to CV reductions in the right VLPFC across the
depressive spectrum and within the MDD group. In a study using VBM to examine cortical
gray matter volume differences in patients with MDD, comorbid MDD and anxiety disorder,
in comparison with an HC group, reduction in the gray matter volume of the right inferior
lateral frontal cortex was found unique to patients with MDD (van Tol et al. 2010). This
may suggest that excessive worry in association with volumetric reductions in the VLPFC
may indicate risk for depressive illness and recurrence. Furthermore, reductions in the right
VLPFC CV may be related to disruption in prefrontal cortical cognitive control as has been
shown in functional studies of worry (Owens, Derakshan, and Richards 2015) and anxiety
(de Kwaasteniet et al. 2015). Moreover, rumination, a cognitive symptom related to worry,
crosses diagnostic boundaries with other psychiatric conditions, has been related to
abnormalities in negative valence systems (Woody and Gibb 2015), and has been shown to
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mediate the association between depressive and anxiety disorders (McLaughlin and Nolen-
Hoeksema 2011).

We found that CV reduction in the right VLPFC and cortical thickness reduction in the right
rACC correlated with symptoms of being irritated and fatigued. The interpretation of our
regional volumetric correlations with irritability is a challenge due to a lack of studies
examining neural correlates of irritability in the extant literature. In a large sample
prospective study of patients with MDD who were observed for over 30 years, irritability
and anger manifested within a depressive episode reached a prevalence of 54% and was
associated with a severe, chronic, and complex form of the illness as measured by several
clinical parameters (Judd et al. 2013). Irritability arises from inadequate regulation of
negative affect and comprises a broader emotion regulation abnormality, which is a core
feature of MDD (Etkin, Egner, and Kalisch 2011). Consistent with several structural and
functional studies in MDD showing fronto-limbic abnormalities (Etkin, Egner, and Kalisch
2011; Pizzagalli 2011; Heller et al. 2013), our study showed that reductions of cortical
thickness in the rACC (a limbic area), was associated with symptoms related to emotion
dysregulation. This adds to previous work showing that reductions in ACC gray matter is an
important neural substrate for affective instability and a potential endophenotype for
depression (Boes et al. 2008; van Eijndhoven et al. 2013; Webb et al. 2014).

The interpretation of our regional volumetric correlations with fatigue also presents with
challenges due to a lack of studies as well as existing semantic differences. Although fatigue
is a hallmark symptom of a major depressive episode, the symptom construct may have
physical, cognitive, and emotional meanings to both the patient and the clinician rater
(Arnold 2008; Demyttenaere, De Fruyt, and Stahl 2005). Moreover, to add another layer of
complexity, the symptom of fatigue may be used to modify the description of other
depressive symptoms that can frequently co-occur in patients with MDD. For example,
fatigue, as it is related to subjective energy and ensuing low productivity, is the second most
prominent residual symptom of MDD, and is frequently associated with impaired
concentration (ie. mental or cognitive fatigue), rumination and irritability (Carney et al.
2014; Demyttenaere, De Fruyt, and Stahl 2005; Boksem, Meijman, and Lorist 2006; Fava
2003).. In a secondary analysis of the STAR*D MDD cohort, lower baseline fatigue and
remission of fatigue during antidepressant treatment in patients with MDD were associated
with higher rates of remission of depressive symptoms and better function and quality of life
(Ferguson et al. 2014). In a study of a non-depressed cohort, erroneous responses after
undergoing a cognitive demanding task corresponded with EEG abnormalities from the
ACC (Boksem, Meijman, and Lorist 2006). Although it is uncertain if this experimentally
induced condition is synonymous with or analogous to fatigue, in any or all of its semantic
forms, experienced by patients with MDD, the reduction of cortical thickness in the rACC
could be associated with functional abnormalities in the limbic system affecting sustained
attention and cognitive control. In a recent meta-analysis of structural neuroimaging studies
across multiple psychiatric diagnoses (schizophrenia, bipolar disorder, depression, addiction,
obsessive-compulsive disorder, and anxiety), the dorsal ACC was identified as one of three
shared regions of gray matter loss. Interestingly, in their analysis of their HC comparison
group, reductions in gray matter associated with poor executive functioning, suggesting that
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despite having likely diverse etiologies, the emergence of psychopathology may be related
to disruptions in cognition across diagnoses (Goodkind et al. 2015).

This study has some limitations that merit discussion. With regard to our imaging approach,
future studies utilizing MRI at higher field strength (i.e. 7T) would provide enhanced Signal-
to-Noise Ratio (SNR) and attendant increased spatial resolution to measure smaller brain
structures that may serve as a more sensitive marker for disease (Balchandani and Naidich
2014). Secondly, current structural MRI techniques may still lack the ability to identify
subtle abnormalities of MDD (Lorenzetti et al. 2009) that affect functional neurocircuitry
(Guo, Liu, Yu, et al. 2014; Guo, Liu, Zhang, et al. 2014; Sacher et al. 2012; Diener et al.
2012; Hamilton et al. 2012; Kerestes et al. 2014; Treadway and Pizzagalli 2014; Kaiser et al.
2015), which may be more proximal to underlying pathophysiological mechanisms of
depressive illness. However, high signal variability associated with illness state makes it
challenging to detect discernible trait related functional patterns in task-related fMRI
studies. Therefore, structural imaging is more accessible, interpretable and clinically
translatable, and may represent a more stable method to use in identifying individuals at risk
for depression. To this end, it is uncertain whether regional cortical structural differences are
associated with a pre-existing structural vulnerability prior to symptom onset (a structural
trait vulnerability), concurrent with symptom onset but prior to illness onset (a structural and
symptom trait vulnerability), or is associated with an early part of the pathogenesis of
depression (state vulnerability). Therefore, longitudinal studies of non-depressed patients
with subclinical depression may be necessary to investigate this further. Thirdly, we chose
the VAS to measure behavioral dimensions relevant to depression because of its high
reliability and validity specific to depression, the ease and rapidity of administration, and the
sensitivity it has in capturing the subject’s subjective experience (eg., mood state) (Folstein
and Luria 1973). The VAS is typically used in measuring pain or somatic symptoms in pain
related disorders as well as in association with depression (Hung et al. 2014). In a recent
clinical trial of patients with MDD and bipolar disorder, baseline VAS restlessness, sad, and
irritated was associated with an antidepressant response to scopolamine, a potentially
effective and novel agent for depression (Furey et al. 2012). In future work, we will explore
other scales that enable correlation to symptom dimensions (eg., anhedonia, irritability, and
fatigue).

In conclusion, cortical morphometric reductions found in depressed patients are associated
with specific depressive symptoms across the illness spectrum. If replicated, structural MRI
abnormalities linked with specific symptoms of depression may help to identify patients at
high risk for depression and enable earlier treatment interventions. Future prospective
structural MRI studies of individuals at high risk may be necessary to determine whether
VLPFC volumetric reductions can be validated as a biomarker for illness risk.
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Highlights

Few studies have investigated the relationship between structural brain
abnormalities and dimensions of depressive symptomatology

Widespread brain morphometric abnormalities were associated with major
depressive disorder (MDD), particularly within specific frontal and medial
temporal regions of the brain

Across the entire cohort of subjects (MDD and healthy volunteers), cortical
volume reductions in the right ventrolateral prefrontal cortex robustly correlated
with negative affect (sadness and worry) as well as a cognition (ie. mental
fatigue)

Therefore, we found that cortical morphometric reductions found in depressed
patients are associated with specific depressive symptoms across the illness
spectrum

If replicated, structural MRI abnormalities linked with specific symptoms of
depression may help to identify patients at high risk for depression and enable
earlier treatment interventions
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Ent PhG

Figure 1.
Regions showing significant between-group differences (MDD < HC) in cortical volume,

rendered in blue. (A) Right fusiform gyrus (Fus), parahippocampal gyrus (PhG), entorhinal
cortex (Ent), and ventrolateral prefrontal cortex (vVIPFC) shown against left medial surface of
the brain. (B) Right vIPFC, left supramarginal gyrus (SmG), and right Fus shown in axial
view. (C) Right Fus, PhG, and Ent shown in coronal view.
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Figure 2.
Regions showing significant between-group differences (MDD < HC) in surface area

rendered in blue. (A) Right cuneus (Cu) and ventrolateral prefrontal cortex (vIPFC) shown
against left medal surface of the brain. (B) Right vIPFC and Cu shown in axial view. (C)
Left temporal pole (TmP) shown against right medial surface of the brain.
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Figure 3.
Cortical thickness differences in the right anterior cingulate cortex (A) colored blue

displayed against the right medial surface of the brain, and (B) from a right mid-sagittal
view in an inflated brain rendering. Red and blue denote decreased (MDD < HC) and
increased (MDD > HC) cortical thickness respectively, and the color bars indicate the t
value from two-sample t-test analysis of each pair of groups. Regions within the superior
frontal gyrus and precuneus did not reach significance after correction with the bootstrap
method.
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Negative Affective/Cognitive Domains:
1. Sad

"9 2. Fatigued
3. Worried

Figure 4.
Cortical volume (CV) reduction in the ventrolateral prefrontal cortex (vIPFC) correlated

with negative affective and cognitive symptom domains of depression measured by the
Visual Analogue Scale (VAS). Sad, fatigued, and worried symptoms measured by VAS
were found within a depressive spectrum as well as within patients with MDD.
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Table 1
Demographic and clinical data characteristics

Characteristic MDD (N=57) HC (N=29) Statistic | P-value
Mean Age, S.D. 40.27 +12.28 38.00+11.70 -0.82 0.493
Male, Count (%) 28 (51%) 13 (45%) 0.281 0.596
Caucasian, Count (%) 29 (52%) 13 (45%) 0.381 0.537
Handedness (%0R) 1 0.91 2.449 0.118
Education (yrs) 15.79 + 2.57 16.96 + 2.96 1.77 0.361
Age at Onset (yrs) 19.59 +12.13

Iliness Duration (yrs) 7.26 +13.39

MADRS2 28.07 +6.09 144 +3.08 -21.35 | <0.0001
SadP 6.83 + 2.55 0.62+1.15 -12.40 0.001
AnxiousP 574+281 1.34+218 -7.26 0.014
Irritated? 4.68+3.03 0.46 +1.04 -712 | <0.0001
Fatigued® 6.69+2.54 1.25+1.65 -10.18 | 0018
Worried? 6.19+281 0.79 £1.40 -951 | <0.0001

Page 20

Statistic refers to either t-statistic and p-values from two sample t-test or chi-square and p-values from chi-square analysis (1 df for all MDD and

HC);

aMontgomew—Asberg Rating Scale for Depression Total (range 0-60);

b -
Based on separate visual analogue scales (range 1-10)
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Table 3

Association between cortical volume in the right ventrolateral prefrontal cortex and depressive symptoms
along the depression spectrum

Group Depression symptoms® | Correlation Coefficient® P-value
Uncorrected | correctedC

Depressive Spectrum | Sad -0.371 7.55E-4 0.0095
Irritated —-0.387 4.71E-4 0.0075
Fatigued —0.442 5.00E-5 0.0027
Worried -0.430 8.70E-5 0.0031

MDD Sad -0.362 0.010 0.038
Fatigued -0.393 0.005 0.0208
Worried -0.391 0.005 0.0417

a . -
Depression symptoms based on Visual Analogue Scale subscores;

In Depressive Spectrum: Rhogpearman= Bimodal distribution was assumed when MDD and HC groups were combined; In MDD patients:
Pearson ‘r’ was used;

c . . .
p-valueCorr= FDR correction for multiple comparisons;

a . - . . .
Depression symptoms based on Visual Analogue Scale subscores; Corrected p-value= FDR correction for multiple comparisons
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