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Abstract
Indices of functional connectivity in the default mode network (DMN) are promising neural
markers of treatment response in late-life depression. We examined the differences in DMN
functional connectivity between treatment-responsive and treatment-resistant depressed older
adults. Forty-seven depressed older adults underwent MRI scanning pre- and post-
pharmacotherapy. Forty-six never depressed older adults underwent MR scanning as comparison
subjects. Treatment response was defined as achieving a Hamilton Depression Rating Scale of 10
or less post-treatment. We analyzed resting state functional connectivity using the posterior
cingulate cortex as the seed region-of-interest. The resulting correlation maps were employed to
investigate between-group differences. Additionally we examined the association between white
matter hyperintensity burden and functional connectivity results. Comparison of pre- and post-
treatment scans of depressed participants revealed greater post-treatment functional connectivity
in the frontal precentral gyrus. Relative to treatment-responsive participants, treatment-resistant
participants had increased functional connectivity in the left striatum. When adjusting for white
matter hyperintensity burden, the observed differences lost significance for the PCC-prefrontal
functional connectivity, but not for the PCC-striatum functional connectivity. The post-treatment
“frontalization” of the DMN connectivity suggests a normalizing effect of antidepressant
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treatment. Moreover, our study confirms the central role of white matter lesions in disrupting brain
functional connectivity.
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Late-life depression; Default Mode Network; treatment response; MRI; white matter
hyperintensity

1. Introduction
Depression results in more years lived with disability than any other disease and ranks
fourth in terms of disability-adjusted life years (Moussavi et al., 2007). As the population
ages, successive cohorts of older adults will experience depressive disorders(Chapman and
Perry, 2008). Compared with midlife depression, late-life depression (LLD) carries
additional risk for suicide, medical comorbidity, disability, and family caregiving burden
(Bruce et al., 2004; Charney et al., 2003). Successful antidepressant treatment is one of the
most effective ways to reduce disability, prevent morbidity and improve quality of life in
older depressed patients (Karp et al., 2009). However, LLD is often resistant to treatment
and may exhibit slower symptom resolution than midlife depression (Whyte et al., 2004).
This long response time in geriatric depression is one of the most challenging clinical
features of LLD. Thus, in older adults it is particularly important to shorten this window,
and to identify early the medication regimen will be the most effective for an individual
patient. The identification of clinically actionable predictors of early treatment response is
the focus of both personalized clinical care and translational bench-to-bedside research
(Andreescu and Reynolds, 2011).

The Default-Mode Network (DMN) is an organized functional network comprised of several
brain regions (posterior cingulate, medial prefrontal cortex, medial temporal cortex, and
inferior parietal lobule) active during the resting state and inhibited during the performance
of active tasks (Raichle et al., 2001). Analysis of resting state networks activity in clinical
disorders such as major depression may enhance the understanding of the
pathophysiological underpinning of mental illnesses (Greicius et al., 2003). Functional
connectivity is operationally defined as temporally correlated neurophysiological events
(Friston, 1994). Functional connectivity in resting state is based on the observation that brain
regions show slow, correlated fluctuations during rest (Biswal et al., 1995; Fox and Raichle,
2007).

A number of studies have addressed the behavior of the DMN in major depressive
disorder(Greicius et al., 2007; Hamilton et al., 2011; Sheline et al., 2009; Zhu et al., 2012).
Given recent reports regarding the changes observed in the DMN with age (Koch et al.,
2010; Tomasi and Volkow, 2012), it is more challenging to translate DMN changes
observed in midlife depression into late-life depression. Thus, studies that focused on the
default mode network in LLD (Wu et al., 2011) (Alexopoulos et al., 2012; Sexton et al.,
2012), have described altered connectivity patterns in the subgenual anterior cingulate
cortex (ACC), dorsomedial prefrontal cortex (dmPFC), orbitofrontal cortex (OFC) (Wu et
al., 2011), precuneus and lateral parietal cortex (Alexopoulos et al., 2012). Previously, our
group has reported (Wu et al., 2011) that this pattern of altered connectivity was correlated
with the white-matter hyperintensity burden, supporting the role of vascular changes in the
etiopathogenesis of at least some individuals with LLD (Alexopoulos, 2006; Sheline et al.,
2010; Wu et al., 2011). In the same analysis, elderly depressed participants who remitted
following antidepressant treatment exhibited improved functional connectivity compared to
pretreatment, although alterations persisted in the anterior cingulate and the prefrontal cortex
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when remitted elderly depressed participants were compared with never-depressed older
adults. However, the modest sample size did not allow us at that time to assess the
relationship between treatment response and DMN functional connectivity patterns.

The use of resting state fMRI as a treatment predictor has several advantages including
brevity and ease of scanning: resting state data are acquired in five-to-ten minutes and
participants are not burdened by tasks. This advantage is more salient for older adults, who
may have physical impairments that preclude longer acquisitions. Additionally, the
acquisition is standardized across centers, eliminating the variability associated with
differences in task designs and application. Thus, the identification of resting state predictors
of treatment response may eventually be applicable clinically and contribute to future
personalized treatment of LLD.

In this study we used a new and larger sample [forty seven depressed older adults, compared
with twelve depressed older adults in the previous study (Wu et al., 2011)]. We sought to
explore further the behavior of the DMN in LLD, focusing on the differences between
responding and non-responding LLD participants. We hypothesized that treatment
responsive participants would exhibit normalization of the DMN connectivity, while non-
responders would maintain the pre-treatment pattern of altered functional connectivity.

2. Methods
2.1 Study participants

The data were collected from participants in the “Altered Functioning of Cognitive and
Affective Circuits in LLD” study conducted at the University of Pittsburgh. The
neuroimaging study was embedded in several open-label treatment intervention trials for
LLD conducted at the University of Pittsburgh Advanced Center for Intervention and
Services Research for Late-Life Mood Disorders (ACISR) from 2004 and 2011 (Karp et al.,
2010; Reynolds et al., 2011; Reynolds et al., 2010). Additional description of these trials is
provided in the online supplemental data. In brief, depressed older adult participants were
diagnosed using the Structured Clinical Interview for DSM-IV (SCID) (First M, 1995) with
a current non-psychotic, non-bipolar major depressive episode. Depressed participants had a
baseline Hamilton Depression Rating Scale (HDRS) of 17 or higher. One of the parent
studies used a threshold of 15 or higher on the Montgomery-Asberg Depression Rating
Scale (Montgomery and Asberg, 1979), but also collected the HDRS, which was used as the
outcome measure for this analysis. Other than MDD and anxiety disorders, all Axis I
disorders served as exclusion criteria. Other exclusion criteria were: history of stroke or
significant head injury, Alzheimer's, Parkinson's, or Huntington's disease. We excluded from
the baseline scanning individuals who had taken psychotropic medications during the 2
weeks prior to imaging, except for as-needed lorazepam. Seven subjects had as-needed
lorazeparm prescribed, but none took it within 24 hours before the scan. Medications other
than psychotropic medications were acceptable, as medication use is common among older
adults.

Participants were excluded if they received a diagnosis of dementia (this was corroborated
with family members and medical records if dementia was considered). In this study all
participants had MMSE above 24 (see Table 1).

Depressed participants consented to a second MRI scan 12 weeks after the baseline scan.
Treatment response was defined as attaining a score of 10 or lower on the HDRS at the time
of the second scan. All of the depressed participants received monotherapy with SSRIs or
SNRIs, with the exception of one participant who received augmenting treatment with
bupropion. The antidepressants varied among studies: venlafaxine XR (mean dose =210 mg/
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day, N=15), escitalopram (mean dose = 15 mg/day, N=22), and duloxetine (mean dose =
100 mg/d, N =10). Never-depressed elderly participants were recruited from the community
and from the healthy control registry of the University of Pittsburgh Alzheimer's Disease
Research Center. The exclusion criterion for the comparison older adults was lifetime
history of psychiatric disorder, with the exception of adjustment disorders.

All three intervention studies as well as the neuroimaging study were approved by the
University of Pittsburgh IRB, and all participants provided written informed consent.

2.2. MRI acquisition
The baseline MR images were obtained at the time of subject enrollment, before initiation of
pharmacotherapy for the depressed participants. Post-treatment scans for the depressed
participants were obtained after 12 weeks of pharmacotherapy, while on a maintenance dose
of antidepressant medication.

Resting state fMRI data were acquired during a five-minute interval while participants
focused on fixation point on the screen. Participants were instructed to think of nothing in
particular during this interval. Imaging data were collected with a 3Tesla Siemens Trio TIM
scanner located in the MR Research Center at the University of Pittsburgh. For functional
image alignment we used a T2-weighted magnetization-prepared rapid gradient echo
(MPRAGE) sequence (TR/TE = 3000/101, in plane resolution 1 mm × 1 mm, 3mm slice
thickness, 48 slices). T2*-weighted BOLD acquisitions were done using a gradient-echo
echoplanar imaging (EPI) sequence: TR/TE = 2000/32, Matrix= 128×128×28, Voxel size =
2×2×3 mm3, axial acquisition (parallel to AC-PC). To assess for small vessel ischemic
changes we used a T2-weighted FLAIR sequence (TR/TE = 9002/56ms Ef; TI = 2200 ms,
NEX = 1) using an interleaved acquisition; 48 slices (3mm slice thickness, no gap).

For maximum brain coverage, the most superior slice was placed at the top of the cortex and
the most inferior slice was located below the most inferior aspect of the temporal lobes.

2.3. Resting-state fMRI analyses
2.3.1. Preprocessing—Functional imaging data were analyzed with Statistical
Parametric Mapping 5 (SPM5; http://www.fil.ion.ucl.ac.uk/spm/software/spm5)
implemented in Matlab (Mathworks, Natick, MA). Motion correction was performed on
each participant's time-series functional images by realigning the data to the first image in
the series. Then, the T2-weighted structural image was segmented into three tissue types
(grey, white, CSF) and the grey segmentation was registered to the functional images using
a rigid-body model. The registered grey segmentation of the T2-weighted image and the
functional images were then warped to match the SPM template image space. The resulting
functional images were smoothed using a 10×10×10 mm Gaussian smoothing kernel. We
chose the 10 mm kernel over the default 8 mm SPM5 smoothing kernel to account for
greater morphologic variability in older adults (Reuter-Lorenz and Lustig, 2005).

2.3.2. Connectivity Analysis—We compared the DMN activity among older adult
never-depressed participants and elderly depressed participants before and after 12 weeks of
antidepressant treatment. We used the posterior cingulate cortex as the seed region to
identify the DMN (Raichle et al., 2001). The left and right posterior cingulate from the
Automated Anatomical Labeling atlas (Tzourio-Mazoyer et al., 2002) (1×1×1 mm) in
Colin27 space was down sampled to a voxel resolution of 3.75 mm × 3.75 mm × 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
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(2 iterations, 6 connected, 2.5-dimensional) with a 3×3×3 voxel structuring element. The
seed region was then resampled into SPM template space (2mm × 2mm × 2mm).

For each subject, a reference resting-state time-series was extracted by averaging the time-
series for all voxels within the posterior cingulate ROI using the Marsbar plug-in in SPM5
(Brett M, 2002). The resultant time-series was used as the regressor in the first-level analysis
in SPM5 to generate a correlation map for each participant.

We used a two-sample t-test of the correlation coefficient maps to test group differences
between depressed elderly and comparison participants, and between treatment responsive
and treatment resistant elderly depressed. We corrected for multiple comparison error using
the small volume multiple correction embedded in SPM5. Corrected p values ≤ 0.05 were
deemed significant.

2.4. White Matter Hyperintensity Assessment—An automated WMH localization
and segmentation method was used to compute the normalized WMH volumes (7). For each
participant, the calculated WMH volume was normalized using the overall brain volume.
Further details regarding the automated WMH segmentation method are provided in the on-
line supplemental data file.

Association between WMH and functional connectivity: We extracted the BOLD signal
for the regions deemed significant in the group analyses (=ROIs) using REX (http://
www.neuroimaging.org.au/nig/rex). For the group comparisons where the ROI data had a
normal distribution, we fit a model using Multivariate analysis of variance (MANOVA) with
the ROIs as outcomes and WMH and group (depressed vs. comparison/treatment responsive
vs. treatment resistant) as predictors. For the group comparisons with outliers in the ROI
data, we used a robust linear regression model with ROIs as outcome variable and group and
WMH burden as predictors.

To test the demographic and clinical differences between depressed and never-depressed
groups we used a two-sample t-test. Due to reduced sample size of responders and non-
responders who underwent scanning post-treatment, we used Wilcoxon's rank sum test to
determine whether there were any differences in clinical and demographic variables.

3. Results
Forty-six never-depressed older adult participants and 47 depressed older adult participants
were included in this analysis. Twenty-seven of the 47 elderly depressed participants had a
second imaging study at week 12 (nine participants withdrew consent from the parent study
or the MRI study, five were lost to follow-up and six were unable to return for the second
scan). Of the 27 elderly depressed participants who had a second imaging study at week 12,
six had corrupted scans. Thus, twenty-one elderly depressed participants were included in
the post-treatment analysis. Clinical and demographic characteristics of the sample are
presented in Table 1. Table 2 presents a summary of the analyses and the MNI coordinates
for the regions of interest. A flowchart depicting participant experience is presented in Fig 1.

3.1. Group analysis at baseline
3.1.1. Compared with never-depressed older adults (N=46), elderly depressed participants
(N=47) had greater functional connectivity in the precuneus (t=3.2, p=0.001 uncorrected,
cluster size 185) (see figure 2).

Andreescu et al. Page 5

Psychiatry Res. Author manuscript; available in PMC 2014 December 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

http://www.neuroimaging.org.au/nig/rex
http://www.neuroimaging.org.au/nig/rex


3.1.2. Compared with elderly depressed, the never-depressed participants had greater
functional connectivity in the middle frontal gyrus (right and left) [t=3.2, p=0.001
uncorrected, cluster size =33(right)/20(left)] (see figure 2).

Given the significant differences in age and cognitive status between comparison and
depressed participants (see Table 1), we repeated the analysis controlling for age and MMSE
score. The results were unchanged (maps available upon request).

When adjusting for the WMH in the MANOVA model (for the anterior cingulate, right and
left middle frontal and posterior cingulate) or in the robust regression model (for the
precuneus) no statistical difference was detected between the elderly depressed and the
never-depressed older adult participants.

3.2. Treatment-effect analysis
3. 2.1. Relative to post-treatment, pre-treatment elderly depressed participants (N=47) had
significantly higher functional connectivity in the right and left precuneus, left insula, and
left hippocampus [t = from 3.55 to 5.08, p<0.05, FDR-ROI (see figure 3)].

3.2.2. Relative to pre-treatment, post -treatment elderly depressed participants (N=21) had
significantly higher functional connectivity in the right and left medial frontal gyrus, and
dorsal anterior cingulate cortex (dACC) [t = 6.55 and 5.17 respectively, p<0.05, FDR-ROI
(see figure 3)].

When adjusting for the WMH in the MANOVA model (for the right and left precuneus, left
insula, left hippocampus) or in the robust regression model (for the right and left precentral
gyrus) no statistical difference was detected between the elderly depressed before and after
treatment.

3.3. Treatment response analysis
Treatment response was defined as a decrease in HDRS to 10 or less at twelve weeks
(Andreescu et al., 2008b). After treatment, 11 depressed participants were defined as
treatment resistant and 10 as treatment-responsive. We performed this analysis in two ways.
First, we used the baseline functional connectivity (Tl) as outcome variable, in an effort to
explore the predictive value of baseline functional connectivity for treatment response.
Second, we used the difference in functional connectivity between the two time points (T2-
T1) as the outcome variable; this difference reflects the increase in functional connectivity
from baseline to week 12.

3.3.1. T1 as outcome variable (see Fig 4)—3.3.1.1. Relative to treatment-
nonresponsive participants, treatment-responsive depressed participants had at baseline
greater connectivity between the PCC seed and medial prefrontal cortex (t=2.52, p=0.01,
cluster size =75) and the precuneus (t=2.97, p=0.004, clusteteize-722).

3.3.1.2. Relative to treatment-responsive participants, treatment-nonresponsive depressed
participants had at baseline greater connectivity between the PCC seed and the cuneus
(t=2.39, p=0.004, cluster size =1069) and dorsal ACC (t=2.16, p=0.02, cluster size = 142).
The Ia and Ib results did not survive multiple comparison correction.

3.3.2. T2-T1 as outcome variable—3.3.2.1. Relative to treatment-responsive
participants, treatment-nonresponsive depressed participants had steeper increase in resting
state functional connectivity in the left striatum [t=4.14, p<0.05, FDR-ROI (see figure 5)].
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When adjusting for the WMH in the robust regression model for the left striatum, the results
remained statistically significant (two-tail t=3.148, p<0.001).

3.3.2.2. Relative to treatment-nonresponsive participants, treatment-responsive depressed
participants had a steeper increase in functional connectivity in the left dorsolateral
prefrontal cortex (t=2.09,p=0.02 uncorrected, cluster size 17). The results did not survive
multiple comparison correction.

When adjusting for the WMH in the robust regression model for the left dorsolateral
prefrontal cortex no statistical difference was detected between the treatment-nonresponsive
and treatment-responsive elderly depressed participants.

4. Discussion
In this analysis of resting state functional connectivity in LLD, we report treatment-related
differences in DMN connectivity. In our previous report, we described improved PCC-
medial prefrontal cortex connectivity following 12 weeks of antidepressant treatment (Wu et
al., 2011). In this new and larger sample we describe a more complex behavior of the DMN
following treatment. Before treatment, depressed participants exhibit greater connectivity in
various posterior regions (precuneus, hippocampus). Post-treatment, the same participants
exhibit increased connectivity in the anterior, frontal nodes of the DMN. This post-treatment
“frontalization” of the DMN connectivity – resembling the DMN functional connectivity in
never-depressed participants- suggests a possible normalizing effect of antidepressant
treatment. We also confirm the role of WMH burden in altering the functional connectivity
in LLD. There are however areas of divergence with our previous report, mainly in the
group contrasts between never-depressed comparison participants and depressed
participants: in the Wu et al report depressed participants exhibited decreased connectivity
in the subgenual ACC but increased connectivity in the dorsomedial prefrontal cortex and
the orbitofrontal cortex. In our current study, depressed participants exhibited greater
connectivity in the posterior nodes of the DMN, and lower connectivity in the anterior nodes
of the DMN. These areas of divergence will require further research with larger samples.

While descriptive changes of the DMN are relevant for in-depth understanding of the neural
basis of LLD, the identification of neural markers of treatment response may have a more
immediate translational effect [e.g. reducing the lengthy treatment trials often required in
clinical practice]. In this study, poor treatment response was associated with increased
functional connectivity in the left striatum after 12 weeks of treatment, a result that remained
significant after adjusting for WMH burden. Several investigators, including our group, have
described structural and functional modifications in the striatum, associated with cognitive
task-related activity in LLD (Aizenstein et al., 2005; Butters et al., 2009). Recently,
increased functional connectivity in the striatum during resting state has been described in
amnestic mild cognitive impairment (Bai et al., 2008). Several studies have described the
role of cognitive impairment in treatment resistance in LLD (Alexopoulos et al., 2004;
Lloyd et al., 2001; Reynolds et al., 2011). Other studies have observed that non-remitting
depressed elderly have shown slower processing speed, worse episodic memory and
executive function (Sheline et al., 2010). Taken together, these findings suggest that
depressed participants with poor treatment response may have subtle functional changes
reflecting a pre-clinical neurodegenerative process (Andreescu et al., 2008a; Steffens et al.,
2007; Steffens et al., 2003). Dysfunction in connectivity due to neurodegeneration or white
matter changes may mediate susceptibility to treatment response (Aizenstein et al., 2011;
Sheline et al., 2010).

While several studies have addressed the neural markers of treatment response in midlife
MDD (Keedwell et al., 2009; Lisiecka et al., 2011; Mayberg et al., 1997; Pizzagalli, 2011),
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the increased connectivity in the striatum is one of the first reports of neural biomarkers of
treatment response in LLD. Further, it extends the substantial literature suggesting impaired
cognitive function is an index of treatment resistance.

The findings reported in this study as well as in the Wu et al (2011) and other recent studies
(Aizenstein et al., 2011; Alexopoulos et al., 2012; Kenny et al., 2010; Sexton et al., 2012;
Steffens et al., 2011), point toward specific functional connectivity alterations in LLD.

Given the changes in results when adjusting for WMH burden, our study confirms the
central role of the white matter lesions in disrupting brain functional connectivity
(Aizenstein et al., 2011; Steffens et al., 2011). However, the lack of difference between
groups with regard to WMH burden points toward a complex model in which the association
between functional connectivity and treatment response in late-life depression is the final
result of the interplay of multiple factors including compromised white matter tracts, age-
related neurodegeneration (e.g. cortical atrophy, amyloid deposition), and genetic factors
(e.g. APOE or BDNF status)(Ballmaier et al., 2004; Taylor et al., 2008b). As we did not
measure other factors, we can only speculate that the results that survived WMH burden
correction may indicate a greater weight of grey matter lesions in predicting treatment
response (e.g. striatum), while the results contingent on WMH (e.g. vmPFC) indicate a
greater weight of the white matter lesions in predicting treatment response (Gunning-Dixon
et al., 2010; Taylor et al., 2008a). This hypothesis is supported by the structural
underpinning of the default mode network (Greicius et al., 2009) in which longer tracts
connecting the posterior seed with the anterior nodes of the network (e.g. vmPFC) may be
more vulnerable to small vessel disease, as these tracts pass through the deep and
periventricular white matter regions (Krishnan et al., 2006).

Our study has several strengths: a large sample that enabled us to perform sub-group
analysis, a longitudinal design that allowed us to compare participants pre- and post-
treatment, and a comprehensive neuropsychological evaluation that allowed us to assess
multiple cognitive domains.

Several limitations are worth noting. As participants were pooled from three different
clinical trials, they received different antidepressant pharmacotherapy during the 12-week
intervention. However, with the exception of one participant who received augmenting
treatment with Bupropion, all of the antidepressant medications used in these trials were
selective serotonin reuptake inhibitors (SSRIs) or serotonin-norepinephrine reuptake
inhibitors (SNRIs). The efficacy difference between various SSRIs and SNRIs is still a
matter of debate, with some (Taylor et al., 2006; Taylor and Doraiswamy, 2004) but not
other (Papakostas et al., 2007; Thase et al., 2011) studies reporting no efficacy difference
between these two categories of antidepressants. Several participants were lost to follow-up,
which reduced the post-treatment sample. The baseline group analysis results (depressed
versus never-depressed) did not survive multiple correction analysis, indicating an increased
heterogeneity in the current sample of depressed older adult participants. Other possible
limitations include the use of a five-minute acquisition period for the resting state fMRI and
the use of seed-based connectivity analysis. Data-driven analysis, such as independent
component analysis (ICA) is a potential venue for further exploring the functional
connectivity in this database. Lastly, we used WMH burden as a global biomarker of overall
white matter disease and we only computed the whole brain WMH burden. Thus, we cannot
make more specific inferences regarding the region-specific correlation between WMH
burden and ROI functional connectivity indices.

Recently, it has been shown that functional MRI changes may be sufficiently specific to be
clinical useful. Thus, distinct network disruptions have been described for specific
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neurodegenerative disorders such as Alzheimer's disease, semantic dementia and
frontotemporal dementia(Seeley et al., 2009). DMN changes are relatively easy to use as
biomarkers of treatment response as the resting state acquisition is brief and does not require
complex activation tasks. Collecting brain imaging data along with clinical treatment can
provide several types of biomarkers: diagnostic markers, prognostic markers, markers of
disease progression and markers of neural changes that result from treatment (Cullen, 2012).
Our present study provides groundwork regarding the neural markers of treatment response
in LLD, but further research is warranted, including a standardized treatment randomization
design. Further research is also needed to disentangle the role of the numerous other neural
contributors, such as different biomarker cascades (e.g., inflammation, neurotrophic support,
endocrine-metabolic dysfunction) and neurotransmitter systems modified by SSRIs or
SNRIs and the impact of these changes on resting state connectivity.
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Fig 1.
Flowchart of the participants in the study.
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Fig 2.
Group analysis at baseline between non-depressed elderly [N=46] and depressed elderly
participants [N=47] Red: Non-depressed elderly participants > Depressed elderly
participants (middle frontal cortex). Blue: Depressed elderly participants > Non-depressed
elderly participants (precuneus).
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Fig 3.
Group analysis of resting state functional connectivity between elderly depressed
participants before [N=47] and after treatment [N=21].
Legend. Red: Pre-treatment>Post treatment contrast (precuneus, insula, hippocampus). Blue:
Post-treatment>Pre-treatment contrast (medial frontal gyrus, dorsal Anterior Cingulate
Cortex = ACC). Color bars list the range of t-values.
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Fig 4.
Treatment effect analysis using the baseline scan (T1) as outcome variable.
Legend. In red: Responders (N=10)>Non-responders (N=11)[medial prefrontal cortex,
precuneus]. In blue: Non-responders (N=11) > Responders (N=10)[cuneus, dorsal ACC]
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Fig 5.
Treatment effect analysis using the difference between the 12-week scan and the baseline
scan (T2-T1) as outcome variable.
Non-responders [N=11] > Responders [N=10] [left striatum].

Andreescu et al. Page 17

Psychiatry Res. Author manuscript; available in PMC 2014 December 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Andreescu et al. Page 18

Ta
bl

e 
1

D
em

og
ra

ph
ic

 a
nd

 c
lin

ic
al

 c
ha

ra
ct

er
is

ti
c 

of
 t

he
 s

am
pl

e

C
om

pa
ri

so
n 

gr
ou

p 
(N

=4
6)

D
ep

re
ss

ed
 E

ld
er

ly
(b

as
el

in
e)

 N
=4

7

G
ro

up
C

om
pa

ri
so

n
(d

ep
re

ss
ed

 v
s.

no
nd

ep
re

ss
ed

el
de

rl
y)

 p
-v

al
ue

D
ep

re
ss

ed
 (

po
st

-t
re

at
m

en
t)

 N
= 

21
G

ro
up

 c
om

pa
ri

so
n

(t
re

at
m

en
t

re
sp

on
si

ve
 v

s.
tr

ea
tm

en
t 

re
si

st
an

t)
T

re
at

m
en

t 
re

sp
on

si
ve

de
pr

es
se

d 
(N

=1
0)

T
re

at
m

en
t 

re
si

st
an

t
de

pr
es

se
d 

(N
=l

l)

A
ge

72
.8

9±
7.

90
68

.7
2±

6.
99

p-
va

lu
e=

0.
00

8
67

.9
±

4.
86

68
.4

5±
7.

85
N

S

A
ge

 a
t f

ir
st

 e
pi

so
de

N
/A

48
.6

3±
21

.9
7 

(N
=

43
)

N
/A

55
.2

0±
13

.1
8

44
.7

2±
24

.8
N

S

R
ec

ur
re

nt
 v

s 
Si

ng
le

 e
pi

so
de

 (
N

)
N

/A
4 

R
ec

ur
re

nt
/6

 S
in

gl
e

5 
R

ec
ur

re
nt

/6
 S

in
gl

e
N

S

G
en

de
r 

[m
al

e/
fe

m
al

e]
13

/3
3

13
/3

4
4/

6
2/

9

E
du

ca
tio

n 
(y

ea
rs

, m
ea

n/
SD

)
14

.7
5±

2.
40

(N
 =

36
)*

14
.4

8±
2.

65
 (

N
=

47
)

N
S

14
.7

5±
2.

75
16

.8
1±

2.
18

p-
va

lu
e=

.0
03

H
D

R
S 

at
 b

as
el

in
e

2.
00

±
1.

61
 (

N
=

ll)
*

19
.0

6±
3.

90
 (

N
=

44
)

p-
va

lu
e<

0.
00

1
19

.9
0±

3.
51

20
.5

4±
2.

80
N

S

H
D

R
S 

po
st

-t
re

at
m

en
t

N
/A

N
/A

5.
00

±
2.

94
16

.3
6±

3.
77

p-
va

lu
e<

.0
00

1

W
M

H
 b

ur
de

n
0.

00
4±

. 0
06

0.
00

2±
. 0

03
p-

va
lu

e=
0.

16
5

0.
00

3±
. 0

05
0.

00
1±

. 0
02

p-
va

lu
e=

. 0
.2

65

M
M

SE
28

.9
7±

1.
26

(N
 =

44
)

27
.9

1±
2.

25
 (

N
=

46
)

p-
va

lu
e=

0.
00

7
28

.4
0±

0.
96

28
.5

4±
1.

21
N

S

C
IR

SG
 h

ea
rt

0.
4±

0.
95

 (
N

=
25

)*
0.

55
±

0.
88

 (
N

=
43

)
N

S
1.

30
±

1.
25

0.
09

±
0.

30
p-

va
lu

e=
.0

11

C
IR

SG
 v

as
cu

la
r

1.
48

±
0.

87
 (

N
=

25
)*

1.
76

±
0.

71
 (

N
=

43
)

N
S

1.
90

±
0.

73
1.

72
±

0.
64

N
S

L
eg

en
d:

 H
D

R
S 

=
 H

am
ilt

on
 D

ep
re

ss
io

n 
R

at
in

g 
Sc

al
e;

 M
M

SE
 =

 M
in

i M
en

ta
l S

ta
te

 E
xa

m
in

at
io

n;
 C

IR
S-

G
=

C
um

ul
at

iv
e 

Il
ln

es
s 

R
at

in
g 

Sc
al

e 
fo

r 
G

er
ia

tr
ic

s.

* E
du

ca
tio

n 
da

ta
, H

D
R

S 
sc

or
es

 a
nd

 C
IR

S-
G

 s
co

re
s 

w
er

e 
av

ai
la

bl
e 

on
ly

 f
or

 a
 s

ub
gr

ou
p 

of
 c

om
pa

ri
so

n 
no

n-
de

pr
es

se
d 

pa
rt

ic
ip

an
ts

. W
M

H
=

w
hi

te
 m

at
te

r 
hy

pe
ri

nt
en

si
ty

Psychiatry Res. Author manuscript; available in PMC 2014 December 30.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Andreescu et al. Page 19

Table 2
Summary of analyses and coordinates of regions of interest

Analysis Direction Region of Interest T score, P value, cluster
size(kE)

MNI coordinates (x/y/z)

Non-
depressed vs.
depressed
elderly at
baseline

Depressed>Non-depressed Precuneus T=3.2, p=0.001 uncor, kE
=185

6.10/49.2/11.5

Non-depressed>Depressed Middle frontal gyrus
(right &left)

T=3.17, p=0.001 uncor;
kE= 33 (right)/20 (left)

30/48/14 (right) −20/62/10
(left)

Depressed
elderly pre-
treatment vs.
post-treatment

Pre-treatment>post-treatment Precuneus (right/left) T=5.08, p<0.05 FDR-ROI,
kE>5

16.6/−43,8/8 −2.3/−78.5/40

Left Insula T=3.55, p<0.05 FDR-ROI,
kE>5

−41.8/10.5/−6.8

Left Hippocampus T=4.8, p<0.05 FDR-ROI,
kE>5

−29.1/−38.4/2.01

Post-treatment>Pre-treatment Medial frontal gyrus
(right/left)

T=6.55, p<0.05 FDR-ROI,
kE>5

40/−16/64 −36/−16/66

Dorsal ACC T=5.17, p<0.05 FDR-ROI,
kE>5

5.4/4.4/46.9

Treatment-
responsive vs.
treatment
nonresponsive
depressed
elderly*

Treatment non-responsive> Treatment
responsive

Cuneus T=2.39, p=0.004, kE=1069 8/−88/14

Dorsal ACC T=2.16, p=0.02, kE=142 −4/4/32

Treatment responsive> Treatment
nonresponsive

Medial prefrontal cortex T=2.52, p=0.01, kE=75 2/66/0

Precuneus T=2.97, p=0.004, kE= 722 −2/−66/34

Treatment-
responsive vs.
treatment
nonresponsive
depressed
elderly**

Treatment nonresponsive > Treatment
responsive

Left striatum T=4.14, p<0.05 FDR-ROI,
kE>5

−11.9/5.1/−6.8

Treatment responsive>Treatmentnonresponsive dlPFC (right) T =2.09, p=0.02, kE=17 50/10/48

Treatment-
responsive vs.
treatment
nonresponsive
depressed
elderly, with
RBANS as
covariate

Treatment nonresponsive> Treatment
responsive

Thalamus (right/left) T =4.74, p= 0.001,
kE=58(right)/31 (left)

7.8/−26.8/−2 =−11.23/-25.4/−2

Left Striatum T =5.4, p< 0.001, kE=21 −13.2/−0.3/−6.1

Midbrain T =4.56, p= 0.001, kE=20 6.4/−27.5/−1.3

Treatment responsive> Treatment
nonresponsive

Superior frontal gyrus T= 4.53, p=0.001, kE =7 18.7/43.9/50

*
using baseline scan (T1) as outcome variable;

**
using the difference between the 12-week scan and the baseline scan (T2-T1) as outcome variable; Legend: MNI=Montreal Neurologic Institute;

FDR=false discovery rate; ROI=region of interest; kE=cluster size; ACC = anterior cingulate cortex; dlPFC= dorsolateral prefrontal cortex.
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