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Abstract

The brain's default-mode network has been the focus of intense research. This study characterizes
the default-mode network activity in late-life depression and the correlation of the default-mode
network activity changes with the white-matter hyperintensities burden. We hypothesized that
elderly depressed subjects would have altered default-mode network activity, which would
correlate with the increased white-matter hyperintensities burden. Twelve depressed subjects
(mean Hamilton Depression Rating Scale 19.8+4.1, mean age 70.5+4.9) and 12 non-depressed,
comparison subjects (mean age 69+6.5) were included. Functional MRI data were collected while
subjects performed a low cognitive load, event-related task. We compared the default-mode
network activity in these groups (including depressed subjects pre and post antidepressant
treatment). We analyzed the resting connectivity patterns of the posterior cingulate cortex.
Deconvolution was used to evaluate the correlation of resting-state connectivity scores with the
white-matter hyperintensities burden. Compared with non-depressed elderly, depressed subjects
pretreatment had decreased connectivity in the subgenual anterior cingulate cortex and increased
connectivity in the dorsomedial prefrontal cortex and the orbitofrontal cortex. The abnormal
connectivity was significantly correlated with the white-matter hyperintensities burden. Remitted
elderly depressed subjects had improved functional connectivity compared to pretreatment,
although alterations persisted in the anterior cingulate and the prefrontal cortex when remitted
elderly depressed subjects were compared with non-depressed elderly. Our study provides
evidence for altered default-mode network connectivity in late-life depression. The correlation
between white-matter hyperintensities burden and default-mode network connectivity emphasizes
the role of vascular changes in late-life depression etiopathogenesis.
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1. INTRODUCTION

Late-life major depression is associated with emotional suffering, disability, suicide, and
poor compliance with medical treatments (Charney et al., 2003). The current understanding
of late-life depression's neurobiology is based on findings from structural and functional
neuroimaging studies. Structural changes include reduced gray matter volumes and
increased white matter hyperintensities burden, which are the anatomical correlates of
neurodegeneration and cerebrovascular disease, respectively (Greenwald et al., 1997).
Several studies have reported significant bilateral volume reductions of the anterior
cingulate, frontal cortex, hippocampus and striatum (Ballmaier et al., 2004, Steffens et al.,
2000, Kumar et al., 2000, Greenwald et al., 1997, Andreescu et al., 2008). Increased white-
matter hyperintensities burden has been reported in several studies (Greenwald et al., 1997,
Butters et al., 2004, Alexopoulos et al., 2002). Some (Alexopoulos et al., 2002), but not all
(Salloway et al., 2002) studies found that increased white-matter hyperintensities burden and
decreased white matter integrity are associated with poor antidepressant treatment response.
The increased white-matter hyperintensities burden is central to the vascular depression
hypothesis, which posits that a single vascular lesion or an accumulation of lesions may
disrupt prefrontal systems that mediate both mood and executive function (Alexopoulos et
al., 1997, Krishnan et al., 1997).

PET studies have described changes of the resting-state cerebral activity in elderly depressed
subjects when compared with non-depressed control subjects (Kumar et al., 1993), although
these findings have not been replicated (Smith et al., 2009). Recently, fMRI has been
adapted to examine the connectivity of the default-mode network, an organized functional
network of several brain regions active during resting state and inhibited during the
performance of active tasks (Raichle et al., 2001). Analysis of resting state activity may
enhance the understanding of the biological underpinning of mental illnesses
pathophysiology. Thus, activity in the default-mode network is affected in Alzheimer's
disease (Greicius et al., 2004), Major Depressive Disorder (Greicius et al., 2007, Sheline et
al., 2009) and anxiety disorders (Zhao et al., 2007). In midlife depression, resting state
functional connectivity was significantly increased in depressed subjects compared with
healthy control subjects, especially in the sub-network comprising the subgenual cingulate
and the thalamus (Greicius et al., 2007). In contrast to the increased default-mode activity
observed in midlife depression, decreased functional connectivity in the default network has
been described in Alzheimer's disease (Greicius et al., 2004).

To our knowledge, there are no published studies exploring the correlation between default-
mode network connectivity and white matter hyperintensities in late-life depression.
Compared with mid-life major depression, late-life depression is characterized by a marked
heterogeneity in both phenotype (e.g., greater cognitive impairment, greater anxiety) and
pathogenesis (e.g., vascular changes in the brain, neurodegeneration, monoamine
dysregulation) (Alexopoulos, 2005). FMRI with cognitive tasks showed decreased
functional connectivity in late-life depression, thought to reflect vascular and
neurodegenerative changes (Aizenstein et al., 2009). Given this multilevel heterogeneity,
characterizing the default-mode network activity in late-life depression could help in
delineating the functional neuroanatomy of the disorder, especially with regard to the role of
indicators of vascular depression phenotype (e.g. WMH). Thus, we in this study we used
whole-brain WMH burden as a global biomarker of overall white matter disease.

We hypothesized that subjects with late-life depression would have altered connectivity in
the default-mode network when compared with elderly non-depressed subjects. Moreover,
given the prominent role of white-matter hyperintensities in the late-life depression vascular
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hypothesis, we hypothesized that the increased burden of white-matter hyperintensities
would be correlated with the altered activity in the default network.

2. METHOD
2.1. Subjects

The data were collected from depressed participants in the second Maintenance Therapies
for Late-Life Depression study (MTLD-I11), conducted at the University of Pittsburgh
Advanced Center for Intervention and Services Research for Late-Life Mood Disorders
(ACISR) between 1999 and 2004. Details of the MTLD-II study protocol are described
elsewhere (Reynolds et al., 2006). In brief, depressed participants had a mean age of 70.5,
and were diagnosed via Structured Clinical Interview for DSM-1V (SCID) (First et al., 1995)
with current non-psychotic, non-bipolar major depressive disorder (single-episode or
recurrent), a 17-item Hamilton Depression Rating Scale (HDRS)(Hamilton, 1960) of 15 or
higher, and a Mini Mental State Examination (MMSE) (Folstein et al., 1975) score of 17 or
higher. Cognitive function was assessed with the Dementia Rating Scale (Mattis, 2004).

During the acute phase of treatment in MTLD-II, depressed subjects were treated openly
with paroxetine doses adjusted between 10 and 40 mg/day [mean (SD) final dose: 26 (11)
mg/day], combined with weekly interpersonal psychotherapy. Subjects who responded to
acute treatment entered a 16-week continuation phase to stabilize their response (Reynolds
et al., 2006). Response was defined categorically as a HDRS score of 10 or less (Reynolds et
al., 2006). Non-depressed elderly participants were recruited from the community and from
the healthy controls registry of the ACISR.

Additional exclusion criteria: clinical diagnosis of Dementia, lifetime history of psychosis or
bipolar disorder, history of substance abuse that was not in full remission for at least 3
months prior to enrollment. Patients who did not respond to the acute treatment phase were
excluded from the continuation phase of the study.

Twenty-four participants, who consented to the neuroimaging protocol, had intact imaging
data and a MMSE of 24 or above were included in this analysis: 12 elderly depressed
subjects and 12 elderly comparison subjects. 4/12 comparison subjects and 5/12 depressed
subjects received antihypertensive medication. The comparison subjects did not receive
psychotropic medications and the elderly depressed subjects were psychotropic-free at
baseline.

MRI acquisition—The baseline MR images were obtained at the time of subject
enrollment, before initiation of pharmacotherapy. Follow-up scans were obtained after 12
weeks of pharmacotherapy, for 8 depressed subjects who responded to treatment. Post acute-
treatment scans were obtained while subjects continued on a maintenance dose of
paroxetine.

There are several methods described in the literature for acquiring fMRI data for resting
state. Some studies scan subject at rest, while others use the fMRI data from the fixation
periods of block-design tasks (Fair et al., 2007), or from simple sensory-motor tasks (e.g.
finger tapping). The finger tapping task requires a finger tap every 12 sec. The brain
functional activities associated with this simple task do not interfere with the default-mode
network activity and has been used in the literature to acquire resting-state data (Greicius et
al., 2003, Greicius et al., 2004). In this study, we used finger tapping to acquire fMRI
resting-state data.
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Imaging data were collected with a 1.5-T Signa scanner (GE Medical Systems). 3D high-
resolution anatomical images (SPGRs) were acquired sagittaly using 3D Spoiled Grass
(SPGR, TRI/TE = 5/25 ms; flip angle = 40°; FOV = 24x24 cm, slice thickness = 1.5 mm,
matrix = 256x256 voxels). Fast fluid-attenuated inversion recovery (FLAIR) images (TR/TE
=9002/56 ms Ef; Tl = 2200 ms, FOV = 24x24cm, NEX = 1, slice thickness =5 mm, gap =
1 mm) were also acquired for white-matter hyperintensities volume quantification.

T1-weighted anatomical images were acquired parallel to the plane connecting the anterior
and posterior commissures (TR/TE = 500/11 ms, FOV = 24x24cm, slice thickness = 3.8mm,
matrix = 256x256). Thirty-six oblique axial slices were acquired with an in-plane resolution
of 0.9375 mm x 0.9375 mm. Slice thickness and orientation were chosen to be similar to
fMRI data for analysis purposes.

The fMRI data were acquired using a one-shot spiral pulse sequence (TR/TE = 2000/35 ms,
FOV = 24x24 cm, slice thickness = 3.8 mm, matrix = 64x64). Twenty-six oblique axial
slices were acquired with an in-plane resolution of 3.75 mm x 3.75 mm.

Subjects were instructed to perform a single key-press with both index fingers every time
they saw the word “tap” appear on a screen. The stimulus appeared every 12 seconds and
remained on the screen for 1 second. In the interim, subjects were instructed to fixate on a
white cross-hair in the middle of the screen. There were 24 trials in a 5-minute block. FMRI
resting-state data were acquired on all 24 subjects; 8 non-depressed subjects and 11
depressed subjects had FLAIR images available for white-matter hyperintensities
assessment.

This study was approved by the University of Pittsburgh Institutional Review Board and we
obtained written informed consent from all study participants.

2.2. Data Analysis

2.2.1. White-matter hyperintensities burden—An automated white-matter
hyperintensities segmentation and localization method was used to compute the normalized
white-matter hyperintensities volumes (Wu et al., 2006b). For each subject, the calculated
white-matter hyperintensities volume was normalized for the overall brain volume. A
natural logarithm transformation was performed on the normalized white-matter
hyperintensities to minimize the skewness.

2.2.2. Resting-state fMRI analyses

Preprocessing: After motion correction, the functional images from each subject were
normalized into the standard Montreal Neurological Institute (MNI) template space
(Colin27) (Holmes et al., 1998) via the following steps: (i) the functional data were
realigned to the first volume using a least square approach and a 6-parameter rigid body
transformation to correct for motion correction, (ii) the first volume in the functional data
was registered to the subject's high-resolution SPGR image using an affine transformation
model, (iii) the subject's SPGR image was then warped to the standard template MNI
Colin27 using a deformable model (Wu et al., 2006a), and (iv) the realigned functional
images were upsampled and transformed into subject's SPGR space with the affine matrix
from step (ii), which were further transformed into the standard space with the computed
deformation field from step(iii), (v) the warped functional data were then down-sampled to
the original resolution of 3.75 mm x 3.75 mm x 3.75 mm; a Gaussian smoothing filter (6
mm full width at half maximum) was then used on the normalized functional images to
reduce spatial noise. The fully deformable registration has previously been shown to
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increase the effect-size with functional imaging (Wu et al., 2006a), and has shown
significant improvement in image registration accuracy in aging brain (Cox et al., In Press).

For each subject, the smoothed, normalized functional images were concatenated to form a
3D+time AFNI dataset. A band-pass temporal filter with the cutoff frequencies of [0.01 to
0.1] Hz was then used to extract the resting-state BOLD signal, which effectively removed
the linear trend and high-frequency noise in the data (Lowe et al., 1998).

Connectivity Analysis: Functional connectivity is defined as the temporal correlation of
activity between spatially disconnected areas (Greicius et al., 2004). We compared the
default-mode network activity among elderly non-depressed subjects and elderly depressed
subjects before and after successful antidepressant treatment.

Region of Interest (ROI): Posterior cingulate cortex (PCC) has been shown to have
consistently greater activity during resting state than during cognitive tasks (Mazoyer et al.,
2001), and is hypothesized to constitute a core node in the default-mode network (Raichle et
al., 2001). Thus, the posterior cingulate has often been used as a seed region to identify the
default-mode network. The left and right posterior cingulate from the Automated
Anatomical Labeling atlas (Tzourio-Mazoyer et al., 2002) (1x1x1 mm) in Colin27 space
was down sampled to a voxel resolution of 3.75 mm x 3.75 mm x 3.75 mm (left and right
PCC combined, 200 voxels). A smaller region-of-interest (ROI) of 39 voxels, centered on
the posterior cingulate, was created on template Colin27 by performing erosions (2
iterations, 6 connected, 2.5-dimensional) with a 3x3x3 voxel structuring element (the
figures presenting the original and eroded posterior cingulate ROl are posted online as
supplemental data).

For each subject, a reference resting-state time-series was extracted by averaging the time-
series for all voxels within the posterior cingulate ROI. A correlation coefficient map was
calculated on the 3D-+time resting state data, with the reference time-series as the regressor
of interest using 3dDeconvolve from Analysis of Functional Neurolmages (AFNI) (Cox,
1996). In the map, the correlation coefficient at a given voxel shows the time-series
correlation between that voxel and posterior cingulate ROI, which represents the resting
state functional connectivity score at the voxel.

To determine the mean resting-state functional connectivity map for each group (depressed
and comparison subjects), the correlation coefficient maps were statistically compared to the
baseline (=fixation period) using a 1-sample t-test. The resulting t-maps were then
thresholded at a corrected p < 0.001 via Monte Carlo simulations [AlphaSim, AFNI (Cox,
1996)], with the whole brain template as mask.

A 2-sample t-test of the correlation coefficient maps was used to identify between-group
differences in resting-state functional connectivity (the comparison group versus the
depressed group before treatment, the depressed group after treatement versus before
treatment, and the the comparison group versus the depressed group after treatment). The
resulting t-maps were then thresholded at a corrected p < 0.05 via Monte Carlo simulations
[AlphaSim, AFNI (Cox, 1996)] using a small volume correction, correcting for the frontal
ROI defined as the area anterior to the anterior commissure.

2.2.3. The correlation of white-matter hyperintensities burden and resting-
state connectivity—The voxel-wise correlation between white-matter hyperintensities
and the resting-state functional connectivity score was evaluated using 3dDeconvolve
(AFNI) (Cox, 1996). The functional connectivity correlation coefficient maps from each
group were used as the input data and the corresponding log-transformed white-matter
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hyperintensities burden from the same group was used as the regressor of interest in
3dDeconvolve. The F-maps were thresholded at a corrected p < 0.05 using Monte Carlo
simulations (AlphaSim, AFNI) (Cox, 1996) with the resting-state connectivity map from the
related group as ROI mask.

3. RESULTS

The clinical characteristics of the subjects are summarized in Table 1. The difference in
Dementia Rating Scale scores between depressed and comparison groups is marginally
significant at p < 0.05 but becomes non-significant at p < 0.29 after adjusting for education
level. The cardiovascular and endocrine burden, as measured by the Cumulative IlIness
Rating Scale for Geriatrics, did not differ between the two groups.

3.1. White-matter hyperintensities burden

The automated white-matter hyperintensities segmentation method identified white-matter
hyperintensities from the T2-weighted FLAIR images. The white-matter hyperintensities
segmentation result for a comparison subject is shown in Figure 1. Normalized white-matter
hyperintensities ("WMH) for both depressed and comparison groups (comparison group:
nWMH mean = 0.53%, SD = 0.28%; depressed group: nWMH mean = 1.50%, SD = 1.76%)
showed that the white-matter hyperintensities burden of the depressed group was
significantly higher than for the comparison group (t =1.80, p < 0.05) with a one-tailed
unequal variance t-test.

3.2. Resting-State Functional Connectivity Maps

Figure 2 presents the default-mode network functional connectivity map from the elderly
non-depressed group (Figure 2A), the depressed subject group before treatment (Figure 2B)
and after 12 weeks of pharmacotherapy (Figure 2C). The correlation coefficient maps from
each group were statistically compared to the baseline 0 using a 1-sample t-test, and the
resulting t-map for the default-mode network was then thresholded at a corrected p < 0.001
(a joint threshold of p < 0.01 and 26-voxel cluster size) via Monte Carlo simulations
[AlphaSim, AFNI (Cox, 1996)].

Figure 4A presents the difference in the functional connectivity activities between the
comparison group and the pre-treatment depressed group. Figure 4B presents the difference
in the functional connectivity pattern between patients after treatment and before treatment.
Figure 4C presents the difference in the functional connectivity pattern between the
comparison group and the post-treatment depressed group.

With above analyses, we found that:

1) Compared with non-depressed elderly subjects, elderly depressed subjects
pretreatment had significantly lower functional connectivity in the BA25
subgenual anterior cingulate cortex (SACC; Talairach coordinates x=81, y=60,
z=64; corrected p < 0.05). Compared with non-depressed elderly subjects,
elderly depressed subjects pretreatment had significantly higher functional
connectivity in the BA 6 dorso-medial prefrontal cortex (dmPFC; Talairach
coordinates x=93, y=62, z=106; corrected p < 0.05) and the orbito-frontal cortex
(OFC; Talairach coordinates x=52, y=60, z=57; corrected p < 0.05). For all
these regions we used a joint threshold of p < 0.05 and 21-voxel cluster size)
(see Figure 4A).

(2) Compared with themselves before treatment, depressed subjects who responded
to 12 weeks of pharmacotherapy exhibited significant increase in the resting-

Psychiatry Res. Author manuscript; available in PMC 2012 October 30.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Wu et al.

Page 7

state connectivity in both subgenual ACC (corrected p < 0.05; joint threshold of
p < 0.05 and 24-voxel cluster size) and dorso-medial prefrontal cortex (corrected
p < 0.05) (see Figure 4B).

(3) Compared with non-depressed elderly subjects, post-treatment elderly depressed
subjects had significantly lower activation in the SACC (corrected p < 0.05; joint
threshold of p< 0.05 and 21-voxel cluster size) and a higher activation in the
rostral ACC (Talairach coordinates x=79, y=46, z=72; corrected p < 0.05) and
dorsal ACC (Talairach coordinates x=79, y=69, z=89; corrected p < 0.05) (see
Figure 4C).

3.3. The correlation of white-matter hyperintensities burden and resting-state connectivity

In elderly depressed subjects pretreatment, there was a significant negative correlation
between log-transformed, normalized white-matter hyperintensities volume and resting state
connectivity (N= 11, averaged r=-0.72, corrected p < 0.05; joint threshold of p < 0.05 and
58-voxel cluster size) in the medial frontal region, i.e., higher white-matter hyperintensities
volume was associated with lower resting state connectivity (see Fig 5 and Fig 6).

There was a significant negative correlation between log-transformed, normalized white-
matter hyperintensities volume and resting state connectivity in elderly non-depressed
comparison subjects in the medial prefrontal region (N = 8; averaged r = —0.80; corrected p
< 0.05; joint threshold of p < 0.05 and 58-voxel cluster size). With the assumption that the
white-matter hyperintensities do not progress appreciably after 12 weeks of treatment
(Maillard et al., 2009), their volume was measured only pretreatment in the depressed group,
so we cannot make inferences regarding the correlation of white-matter hyperintensities and
resting state scores of post-treatment depressed subjects.

4. DISCUSSION

To our knowledge, this is the first study describing the functional connectivity of the
default-mode network in late-life depression. Our results show abnormal connectivity
patterns in the prefrontal branch of the default-mode network in acutely depressed elderly
subjects. The abnormal functional connectivity is significantly correlated with greater white-
matter hyperintensities volume. Moreover, we found some improvement of functional
connectivity in the default-mode network following treatment response. We also confirm
previous results regarding increased burden of white-matter hyperintensities in elderly
depressed subjects when compared with non-depressed individuals.

Previous reports regarding the default-mode network functional connectivity in midlife
depression have reported increased subgenual ACC connectivity (Greicius et al., 2007). Our
study shows a different functional connectivity pattern of the default-mode network in
elderly depressed subjects. The SACC-PCC connectivity was decreased in acutely depressed
elderly, and — although it improved after treatment response -- post-treatment subjects
continued to present decreased SACC-PCC connectivity when compared with non-depressed
control subjects. However, different data collection and data analysis were used in the
midlife depression resting-state studies (Greicius et al., 2007); these differences impede the
comparison of the resultant patterns of activation in midlife and late-life depression.

Our results emphasize the importance of SACC as an impaired hub in the functional
neuroanatomy of major depression (Mayberg et al., 2000, Drevets et al., 1997). Our results
also suggest the importance of the cerebrovascular component of late-life depression,
represented by the increased white-matter hyperintensities burden.
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The correlation between white-matter hyperintensities volume and dysfunctional
connectivity in the default-mode network suggests a role of the “vascular depression”
hypothesis of late-life depression (Alexopoulos et al., 1997), although the multifactorial
etiology of the white-matter hyperintensities (including demelination due to
neurodegeneration) does not allow for a definitive conclusion. The post-treatment
persistence of SACC-PCC hypo-connectivity suggests a possible persistent feature of late-
life depression, associated perhaps with the structural brain changes.

Beyond the novel subject population, our study has several other strengths: (1) a comparison
group, which allowed us to compare elderly depressed pre- and post-treatment to non-
depressed elders; (2) an automated white-matter hyperintensities segmentation method,
which provided a quantitative assessment of white-matter hyperintensities volume; (3) a
fully deformable model for inter-subject image normalization, which has previously been
shown to significantly improve co-localization of the fMRI signal in aging brains; and (4)
acquisition of data pre- and post-treatment, allowing us to make inferences regarding the
persistent biological features of late-life depression. Our report also has some limitations: we
had a relatively small sample, especially in the post-treatment group and this limited our
ability to analyze pre- and post-treatment differences. Our ability to detect white-matter
hyperintensities burden differences was hampered by the lack of FLAIR imagines for some
of our subjects. Thus, we were not able to further test the behavior of DMN in patients/
controls with or without WML in order to verify if the observed connectivity patterns are
solely driven by white-matter disease. Also, given our approach to use WMH burden as a
global biomarker or overall white matter disease, we only computed the whole brain white-
matter hyperintensities burden. Thus, we cannot make more specific inferences regarding
the role of region-specific white-matter hyperintensities burden and the decreased functional
connectivity in the default-mode network. Future studies focused on DTI-based fractional
anisotropy would allow a more precise charting of the disruptions in the DMN Also, with
regard to white-matter hyperintensities burden, the significant group difference between
elderly depressed and controls was lost when the one-tailed t-test was changed to a two-
tailed test. Although none of the participants had evidence of stroke, we did not quantify the
presence of lacunae. Overall, depressed subjects had less education than the comparison
group; however this had no effect on the pre-post treatment findings in depressed subjects.
As there was no significant difference between depressed subjects and comparison subject
with regard to both MMSE and Dementia Rating Scale, it is unclear if and how the lower
education levels of the depressed subjects interfered with the fMRI findings. Given the
design of the parent study, we have no imaging data on the depressed non-responders, as
they were excluded from the study. Thus, we cannot make further inferences regarding the
correlation between default-mode network changes and treatment response. The between-
group comparisons were threshold at a corrected p<0.05; the lower significance threshold
allows for a greater risk for type I error. However, we used Monte Carlo simulations (AFNI)
to correct for multiple comparisons.

In conclusion, we present novel data highlighting some of the biological basis of late-life
depression. Given the high rate of white-matter hyperintensities and concordant
cerebrovascular disease, further research might tackle the treatment advantages of using
adjuvant treatments such as calcium channel blockers (Taragano et al., 2005), NSAIDs,
antihypertensives or lipid lowering drugs. Future research is also necessary to understand the
correlation between default-mode network changes and various clinical characteristics of
late-life depression, such as severity, duration of current episode, recurrence, comorbidity
with anxiety or medical conditions, and treatment response.
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Figure 1.

Automated white-matter hyperintensities segmentation on the flair image of one subject is
shown here, (A) A single slice from a subject's FLAIR image (B) white-matter
hyperintensities segmentation result with underlying flair image for anatomical reference.
The automated white-matter hyperintensities segmentation correlates with semi-quantitative,
visual rating methods, such as those used for the Cardiovascular Health Study. In the current
study, 37% of the depressed subjects had a moderate-severe burden of white-matter
hyperintensities, as quantified by the Cardiovascular Health Study.
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Figure 2.

t-maps of the resting-state connectivity for (A) elderly comparison group, late-life
depression group before treatment (B) and after treatment (C). The maps were thresholded at
a corrected p < 0.001. Compared with the elderly comparison group (A), the pretreatment
late-life depression group (B) had lower default-mode activation in the subgenual anterior
cingulate cortex and higher default-mode network activation in the dorso-medial prefrontal
cortex and the orbitofrontal cortex.
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Control Patient before treatment Patient after treatment

Resting State connectivity scores (Posterior Cingulate Cortex — Anterior Cingulate Cortex)
comparison between nondepressed elderly, late-life depression group before treatment and
late-life depression group after treatment.
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t-score

Figure 4.

The group comparisons of the functional connectivity activities with two-sample t-test (a
corrected p < 0.05) between (A) the comparison group and late-life depression group before
treatment; (B) late-life depression group after treatment and late-life depression group before
treatment; (C) the comparison group and the late-life depression group after treatment. In
Blue: increased connectivity. In orange/yellow: decreased connectivity. A: When compared
with the elderly comparison group, the late-life depression group before treatment had
decreased connectivity in the SACC (1) and increased connectivity in the dmPFC (2) and
OFC (3). B: Compared to pre-treatment late-life depression group, the post-treatment late-
life depression group has improved connectivity in vmPFC/ACC and decreased connectivity
in dmPFC. C: Compared with the non-depressed group, the post-treatment late-life
depression group has decreased connectivity in SACC (1) and increased connectivity in
rostral ACC (4) and dorsal ACC (5).
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Figure 5.

The white-matter hyperintensities burden and resting state score for the pretreatment late-life
depression group shows a significant negative correlation (averaged r=-0.72, corrected p <
0.05) in the medial frontal region: (A) tmap, (B) signed rmap.
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Correlation plot of resting state connectivity scores and normalized white matter
hyperintensities burden (hWMH) in the medial frontal region (r=—0.72) (see also Fig 5).
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