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Abstract

Clinically useful predictors of treatment outcome in major depressive disorder (MDD) remain
elusive. We examined associations between functional magnetic resonance imaging (fMRI) blood
oxygen level dependent (BOLD) signal during active negative word processing and subsequent
selective serotonin reuptake inhibitor (SSRI) treatment outcome in MDD. Unmedicated MDD
subjects (n=17) performed an emotional word processing fMRI task, and then received eight
weeks of standardized antidepressant treatment with escitalopram. Lower pre-treatment BOLD
responses to negative words in midbrain, dorsolateral prefrontal cortex, paracingulate, anterior
cingulate, thalamus and caudate nuclei correlated significantly with greater improvement
following escitalopram treatment. Activation of these regions in response to negative words
correlated significantly with reaction time for rating word relevance. Maximally predictive
clusters of voxels identified using a cross-validation approach predicted 48% of the variance in
response to treatment. This study provides preliminary evidence that SSRIs may be most
beneficial in patients who are less able to engage cognitive control networks while processing
negative stimuli. Differences between these findings and previous fMRI studies of SSRI treatment

© 2013 Elsevier Ireland Ltd. All rights reserved.

Address all correspondence and reprint requests to: Jeffrey M. Miller, M.D., NYSPI, 1051 Riverside Drive #42, New York, NY
%0043, Tel: 212-543-6528, Fax: 212-543-6017, jm2233@columbia.edu.

Authors contributed equally to this work
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Miller et al.

Page 2

outcome may relate to differences in task design. Regional BOLD responses to negative words
predictive of SSRI outcome in this study were both overlapping and distinct from those predictive
of outcome with cognitive behavioral therapy (CBT) in previous studies using the same task.
Future studies may examine prediction of differential outcome across treatments in the context of
a randomized controlled trial.
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1. Introduction

Biomarkers to predict treatment outcome with pharmacotherapy for major depressive
disorder (MDD) are needed. Correlates of neural activity in the anterior cingulate cortex
(ACC) and its subregions have been implicated in treatment outcome in MDD with some
consistency (Pizzagalli, 2011), although no brain imaging measures are used to date in
routine clinical practice. Functional MRI (fMRI) studies have found neural response to
negative emotional stimuli in anterior cingulate cortex (ACC) (Davidson et al., 2003; Chen
etal., 2007), subgenual ACC (sgACC) (Fu et al., 2004; Keedwell et al., 2010), and
pregenual/rostral ACC (rACC) (Langenecker et al., 2007; Ruhe et al., 2012) to be associated
with better response to antidepressant medication treatment (with selective serotonin
reuptake inhibitors (SSRIs), serotonin/norepinephrine reuptake inhibitors (SNRIs), or open
treatment). In partial contrast, one of these studies found higher sgACC responses to be
associated with worse treatment response (Ruhe et al., 2012). Along the same lines, several
(Mayberg et al., 1997; Mayberg et al., 2000) but not all (Konarski et al., 2009) studies of
resting glucose metabolism have found that higher pre-treatment activity in sgACC and
rACC as well as rACC electroencephalography (EEG) (Pizzagalli et al., 2001) predict better
treatment response. While these largely convergent studies implicate ACC in treatment
response to antidepressant medications, responses in other brain regions, including
amygdala, have also been associated with SSRI outcome in MDD (Victor et al., 2010).

Task design may significantly impact the pattern of neural responses associated with
treatment outcome. Many studies described above involved either resting-state acquisitions
(Mayberg et al., 1997; Mayberg et al., 2000; Pizzagalli et al., 2001) or task designs
emphasizing emotional reactivity (Fu et al., 2004; Langenecker et al., 2007; Keedwell et al.,
2010; Ruhe et al., 2012) over cognitive processing of emotion. Others used a paradigm that
was purely cognitive (Langenecker et al., 2007). The ACC is involved in connecting frontal
cognitive and limbic emotional areas and is therefore critical for the integration of cognition
and emotion (Mayberg, 2003; Kemp et al., 2008). Furthermore, there is evidence that SSRIs
improve cognitive control of negative emotional material (Chan et al., 2009; Harmer et al.,
2009a; Harmer et al., 2009b), which may be mediated by effects on ACC. As a result, ACC
activity during a task that involves the cognitive processing of emotional stimuli may
produce a different pattern of prediction than noted in studies that focus primarily on
emotional reactivity.
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One such fMRI task that explicitly engages cognitive processing of emotional stimuli asks
subjects to evaluate the personal relevance of emotional words. This task has been used in
fMRI studies of cognitive behavioral therapy (CBT) for MDD (Siegle et al., 2006; Siegle et
al., 2012), and produced a different pattern of prediction than many of the medication
studies described above. Low pre-treatment activity in SJACC in response to emotionally
negative words has been found to be predictive of better subsequent treatment outcome with
CBT in three independent samples (Siegle et al., 2006; Siegle et al., 2012). This task differs
meaningfully from those used in previous studies of antidepressant medication outcome in
the degree to which subjects are asked to engage in active processing of the emotional
stimuli presented (see discussion for more details).

In the current study, we utilized the same emotional words fMRI paradigm that has been
replicated as a predictor of CBT outcome (Siegle et al., 2006; Siegle et al., 2012) to explore
its relationship to treatment outcome with standardized SSRI treatment for MDD. We
expected that, similar to prediction of outcome with CBT, lower activity in the SJACC in
response to negative words would be associated with better treatment outcome. We
conducted a whole-brain voxelwise analysis to examine prediction of treatment outcome in
an unbiased manner. In addition to identifying regions whose BOLD response was
associated with treatment outcome above an a priori statistical threshold, we sought to
identify a more limited set of regions that generated the strongest prediction of treatment
outcome using a cross-validation approach. Finally, due to the focus in prior research
highlighting the relevance of sgACC responses to negative valence and treatment outcome,
we conducted an analysis in which we investigated the relationship between sgACC
responses to increasing word negativity and SSRI treatment outcome.

2. Methods

2.1 Sample

Subjects gave written informed consent as required by the Institutional Review Board of the
New York State Psychiatric Institute. Participants were recruited using online and print
advertisements as well as through referrals from surrounding clinics. Inclusion criteria
included: 1) DSM-IV criteria for MDD in a current major depressive episode (MDE)
assessed using the Structured Clinical Interview for DSM-1V (SCID, (First et al., 1995)); 2)
age 18-65; 3) minimum score of 16 on 17-item Hamilton Depression Rating Scale (HDRS,
(Hamilton, 1960)); 4) ability to provide informed consent; Exclusion criteria included: 1)
significant medical conditions; 2) lifetime history of alcohol abuse or dependence; 3)
substance abuse or dependence unless in complete remission for >6 months; 4) ecstasy or
intravenous drug use more than two times; 5) presence of major psychiatric disorders
including schizophrenia (comorbid anxiety disorders allowed); 6) comorbid anorexia or
bulimia nervosa within the past year; 7) first-degree family history of schizophrenia if
subject was <33 years old; 8) inability or unwillingness to discontinue any and all
antidepressant medications for at least 3 weeks (6 weeks for fluoxetine); 9) pregnancy,
current lactation, plans to conceive during study participation or abortion within 2 months of
enrollment; 10) medical contraindication to antidepressants; 11) dementia; 12) neurological
disease or previous head injury accompanied by loss of consciousness or motor deficits; 13)
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failure of >2 SSRI or other antidepressant monotherapy trials of adequate dose and duration;
14) metal implants;15) active suicidality or ideation requiring admission or medication
intervention; 16) history of significant clinical decompensation in response to prior
medication wash-out. One subject had past cannabis dependence in sustained remission and
one subject had past bulimia in sustained remission. Subject demographics are presented in
Table 1.

2.2. Clinical Procedures and Treatment

24-item HDRS was used as a measure of pre- and post-treatment depression severity.
Following baseline MRI scanning, standardized treatment was initiated with escitalopram
10mg. After four weeks, escitalopram dose was increased to 20mg for non-responders (those
with <50% decrease in HDRS), and was maintained at 10mg for responders. At six weeks,
those subjects still taking escitalopram 10mg who were non-remitters (HDRS =10 or <50%
decrease in HDRS) had their escitalopram dose increased to 20mg. Post-treatment
depression severity (HDRS) was assessed at week eight.

Twenty-five subjects were enrolled in this study. Two subjects dropped out of the study
before completing four weeks of treatment and were excluded from the current analysis. Six
subjects were excluded due to technical problems with fMRI acquisition. 15 subjects with
usable fMRI data completed the eight-week medication trial. Two additional subjects
discontinued escitalopram after completing 6 weeks of treatment. We employed last
observation carried forward for these two subjects, using their 6-week HDRS rating as the
post-treatment HDRS value, in our final analyzed sample of 17 subjects. Among this sample
of 17 subjects, 10 were antidepressant naive, six had a history of prior antidepressant use but
were not taking an antidepressant at the time of study enrollment, and one subject was on
ineffective antidepressant medication at the time of enrollment and underwent 3-week
washout prior to scanning.

2.3. Image Acquisition

MRI scans were acquired on a 3T SignaHDx scanner (General Electric Medical Systems,
Milwaukee, WI). T1-weighted MRI scans were acquired for co-registration with functional
images. For functional scanning during the emotional words task, an Echo Planar Imaging
(EPI) acquisition was obtained for each of three runs using the following parameters: TR =
1500msec, TE = 28 msec, flip angle = 90, FOV = 24cm x 24cm, slice thickness = 4mm,
spacing = 0.5mm, number of slices = 24, matrix size = 64x64 pixels, number of volumes =
164.

2.4. Experimental Design

This task was identical to that reported in Siegle et al. (Siegle et al., 2006). Stimuli were
presented using E-Prime software (Psychology Software Tools, Inc., Pittsburgh,
Pennsylvania) on a rear projection screen viewed using a suspended mirror. Briefly, the task
involved visual presentation of a series of 60 words split into 20 emotionally negative, 20
neutral and 20 positive words. Of these, half were standardized words that were identical
across subjects, and half were words generated by the subject prior to scanning
(personalized words). Subjects were asked to identify “10 personally relevant negative
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words that best represent what you think about when you are upset, down or depressed; 10
personally relevant positive words that best represent what you think about when you are
happy or in a good mood; and 10 personally relevant neutral (i.e., not positive or negative)
words that best represent what you think about when you are neither happy nor upset/down
or depressed.” Each word trial consisted of a fixation cue (1 second) followed by brief word
presentation (200 msec), and then a mask of 4 X’s (10.8 seconds) during which subjects
were instructed to rate the personal relevance of the word as quickly and accurately as
possible on a three-point scale from not relevant to very relevant. Mapping of buttons to
responses was counterbalanced across participants. Relevance ratings and response times
were recorded. Following scanning, subjects rated the valence of the words they had viewed
on an eight-point scale (very negative to very positive). Three subjects did not complete the
post-scan valence ratings, and were excluded from secondary analyses incorporating these
ratings. Idiosyncratic and standardized words were used to maximize the likelihood of
eliciting emotional responses to words across the sample. There were no hypotheses
regarding differences in processing of these words; primary analyses were therefore
conducted considering idiosyncratic and standardized words together. Behavioral results
showed no significant differences in valence ratings of these words, indicating that they
were generally perceived as being negative.

2.5. Image Processing

2.5.1. Pre-Processing—Skull-stripping of T1-weighted structural scans was performed
using Atropos (Avants et al., 2011). fMRI data was processed using FEAT (FMRI Expert
Analysis Tool) Version 5.98, part of FSL (FMRIB’s Software Library, www.fmrib.ox.ac.uk/
fsl). FMRIB’s Linear Image Registration Tool MCFLIRT (Jenkinson et al., 2002) was used
for motion correction. Fourier-space time-series phase-shifting was used for slice-timing
correction; Brain Extraction Tool (BET) (Smith, 2002) was used to remove non-brain voxels
in the EPI image. Spatial smoothing was performed using a Gaussian kernel with full-width
half-maximum 6.0mm. Temporal filtering was performed with a highpass cutoff of 50
seconds (Gaussian-weighted least-squares straight line fitting, with sigma=25.0s); Gaussian
low-pass filtering was performed with sigma=2.8s. The first four volumes of each run were
discarded to allow for intensity equilibration.

Normalization to standard space was conducted via a three- step process using FLIRT
(Jenkinson et al., 2002). 4D functional data were (1) registered to the first volume of
functional acquisition (using a transformation with 6 degrees of freedom (DF)); (2)
registered to the high resolution structural image (7 DF); and (3) normalized to standard
space (Montreal Neurological Institute (MNI) space) using 12 DF.

2.5.2 fMRI Statistical Analysis—For all word types, we used a general linear model
(GLM) to identify brain activity associated with the time from mask onset to time of
response (the period in which subjects rate word relevance), convolved with a double
gamma hemodynamic response function, for all word types. The 1-second fixation period
served as an implicit baseline.

Psychiatry Res. Author manuscript; available in PMC 2014 December 30.
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To identify brain regions whose response to negative words was associated with SSRI
treatment outcome, negative word processing activity was regressed onto post-treatment
HDRS while covarying for baseline HDRS (FLAME 1+2; FMRIB’s Software Library,
www.fmrib.ox.ac.uk/fsl). Clusters were identified by a minimum z-score=2.3, and
adjustment for multiple comparisons was effected using a random Markov Field corrected
cluster threshold of p<0.05 (Worsley, 2001). As the field of view was cut off ventrally for
two subjects, primary analyses were repeated excluding them. We also repeated this analysis
covarying for age and gender. To determine whether this finding was specific to negative
emotional processing, we repeated this analysis with parameter estimates from both neutral
and positive word processing.

2.5.3. Optimizing prediction using cross-validation—We sought to identify the set
of voxels that best predicted treatment outcome in an objective manner (\Vul, 2009), using a
cross-validation approach. We selected voxels showing strong evidence of activation to
negative words at the group level, i.e., those with Z-scores exceeding a threshold, and
determined whether they were related to treatment outcome. To choose this threshold
objectively, we performed a cross-validation procedure for a grid of 100 equally spaced
possible Z-score threshold values from —2.24 to 6.12. For each candidate threshold value,
we computed a mask of voxels whose Z-score for the group mean response to negative
words exceeded the threshold. We set a minimum cluster extent threshold of at least 10
voxels within a sphere of radius 5mm. For each threshold-specific mask, we randomly
divided the sample of 17 MDD subjects into 10 subsets. For each subset, we designated it as
“validation data” and all other subsets as “training data”. We fit a regression model to the
training data with baseline HDRS and the mean response to negative words within the mask
as predictors and final HDRS as outcome. This fitted model was applied to the validation
data to predict final HDRS, and the out-of-sample predictive ability of the fitted model was
measured by the residual sum of squares (RSS). The final mask was formed according to the
threshold that minimized the total RSS criterion.

2.5.4. Additional fMRI Analyses—We sought to examine the possible cognitive
function of BOLD responses within clusters associated with treatment outcome. We
examined the correlation between mean BOLD responses to negative words in regions
predictive of treatment outcome and mean reaction time to negative words. This analysis
was not confounded by greater hemodynamic fit to shorter responses because the regressors
were formed using variable epochs determined by reaction time (Grinband et al., 2008).

We conducted an additional analysis to more closely approximate previous SSRI research
that focused on BOLD responses to stimuli with varying levels of negative emotional
valence (Fu et al., 2004; Keedwell et al., 2010). For all words, a task regressor modeling the
time period from mask onset to rating of word relevance was created. A valence regressor
was created by parametrically modulating each word trial by subjects’ post-scan valence
rating of the word (coded —3=most negative, 3=most positive). We controlled for task-
related activity by including the unmodulated task regressor as a covariate. To control for
emotional arousal processed separately from valence (Gerber et al., 2008), we modeled a
quadratic valence regressor as a measure of affective intensity irrespective of valence
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direction. Because of the focus on sgACC in previous studies (Mayberg et al., 1997;
Mayberg et al., 1999; Mayberg et al., 2000; Pizzagalli et al., 2001; Davidson et al., 2003;
Langenecker et al., 2007; Fu et al., 2008; Keedwell et al., 2010), we limited this analysis to
voxels within a standard space mask based on the Talairach atlas (BA 25).

2.6. Behavioral and Demographic Data

We calculated means for all behavioral variables (response time, relevance ratings and
valence ratings) for each word condition (3 valences x 2 word types (personalized/
standardized)), producing six values per subject. A one way between-subjects ANOVA
determined the effects of valence type on response time to words. Associations between
behavioral variables as well as normally distributed demographic variables and post-
treatment HDRS were calculated with multiple linear regression while controlling for
baseline HDRS. Spearman’s rank correlation was used for correlations with non-normally
distributed variables. ANOVA, linear regression, and correlation testing were performed in
SPSS (IBM SPSS Statistics, v. 18).

3. Results

3.1. Sample

Table 1 provides demographic data for the final sample (N=17). The average age of the
sample was 35.7£13.3, (range of 19-56 in men and 18-58 in women). Mean pre-treatment
24-item HDRS was 25.3+6.9, indicating moderate baseline severity of depression. Mean
post-treatment HDRS was 12.2+7.1, representing a mean improvement of 51.8%. Baseline
HDRS was not correlated with post-treatment HDRS (r=0.352, p=0.166). Seven subjects
had a comorbid anxiety disorder; this comorbidity was not associated with treatment
outcome (p=0.96). While all fMRI analyses used a continuous measure of treatment
outcome and not a categorical measure, response rate (=50% reduction in HDRS) in the
sample was 52%, and remission rate (=50% reduction in HDRS and final HDRS <10) in the
sample was also 52%. Mean final dose of escitalopram across all MDD subjects in the
sample was 15.5mg+5mg and was not correlated with treatment outcome (final HDRS while
co-varying for baseline HDRS; B=0.23, p=0.81). No demographic variables were associated
with post-treatment depression severity or degree of improvement, including some that have
previously been identified as predictors of treatment outcome: number of prior major
depressive episodes (rs=—0.17, p=0.54), duration of current major depressive episode (rs=
-0.18, p=0.60), presence of a current comorbid anxiety disorder (r;=—0.02, p=0.96), or prior
medication status (antidepressant-exposed or naive, B=-0.2, p=0.96). Baseline anxiety
severity, measured using an anxiety factor derived from the HDRS (Grunebaum et al.,
2005), was associated with worse treatment outcome at a trend level (B=2, p=0.08).

3.2. Behavioral Data from Emotional Words Task

Analyses of behavioral data are summarized in supplemental information (Table S1).
Response times to rate word relevance did not differ as a function of emotional valence
types (ANOVA, df=2,1017, F=0.026, p=0.97). Subjects responded more quickly to
standardized words than to personalized words (ANOVA, df=1,1018, F=4.46, p=0.035).
Subjects rated personalized words as more relevant than standardized words. Post-scan
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valence ratings differed between the three valence categories (positive/negative/neutral), in
the expected direction, with negative words being rated as most emotionally negative (see
Table S1 for statistical values). Post-treatment HDRS was not correlated with response times
(negative p=0.21, positive p=0.98, neutral p=0.43) or valence ratings (negative p=0.85,
positive p=0.89, neutral p=0.84).

3.3. Imaging Data

All findings reported below were determined using a minimum Z threshold of 2.3 with a
cluster threshold of p<0.05. Lower activation across multiple brain regions during negative
word processing was associated with better treatment outcome (Figure 1). Specifically, post-
treatment HDRS scores were positively correlated with pre-treatment BOLD signal during
processing of negative words in frontal pole, dorsolateral prefrontal cortex, anterior
cingulate, paracingulate, middle and superior frontal gyrii, precentral gyrus, insula, posterior
cingulate, supramarginal gyrus, lateral occipital cortex, midbrain, caudate and thalamus,
while controlling for pre-treatment HDRS. Covarying for age and gender did not
significantly affect this contrast, preserving significant clusters related to post-treatment
HDRS in all regions mentioned above. Regional maxima, cluster size and average cluster z-
score are summarized in Table 2. Activity in these regions was negatively correlated with
reaction times to negative idiosyncratic words specifically (r=-0.581 p=.014; scatterplot in
supplemental material Figure S1). There were no voxels in which negative word processing
activity was inversely correlated with post-treatment HDRS. Sensitivity analyses excluding
two subjects whose fMRI scans had a limited field of view yielded similar results and did
not reveal activation in additional ventral regions such as amygdala or subgenual cingulate
cortex. Regions identified as predictive of treatment outcome overlapped with mean
responses to task during processing of negative words (Figure 2).

Analysis of the relationship between BOLD activity during neutral word processing and
treatment response revealed a similar but more limited set of clusters in which lower activity
was associated with better treatment outcome (Figure 3). Similar results emerged from the
analysis of positive words, with a more narrow spatial extent of clusters whose activity
during positive words was associated with treatment outcome as compared to the negative
words analysis (Figure 3).

A cross-validation method to identify clusters whose responses to negative words were
maximally predictive of treatment outcome identified three clusters, in left paracingulate
gyrus (center: Xmm=49.4, Ymm=76, Zmm=>53.2, #voxels= 23), globus pallidus (center:
Xmm=36.5, Ymm=63.9, Zmm=36.8, #voxels=10), and post-central gyrus (center:
Xmm=66, Ymm=48.4, Zmm=60.6, #voxels=11) (Figure 4). Post-hoc analysis on the
selected clusters using standard linear regression identified a strong association between
negative word response in these clusters and final HDRS while adjusting for baseline
HDRS, with an r2 of 0.48. On an individual level, the cluster of voxels in the paracingulate
gyrus provided the strongest prediction (r2=0.40), followed by globus pallidus (r?=0.26) and
post-central gyrus (r2=0.20).

The analysis of responses to emotional valence within sgACC, showed that subjects whose
activity in sgACC scaled positively with emotional valence (from emotionally negative to
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positive) had better treatment outcomes with SSRI treatment (Figure 5, cluster maxima:
x=42, y=68, z=30, # of voxels=14). Sensitivity analyses excluding two subjects whose fMRI
scans had a limited field of view yielded similar results.

4. Discussion

4.1. Treatment Prediction

Pre-treatment, lower fMRI BOLD responses of medication-free MDD subjects during
explicit processing of negative emotional words were associated with greater improvement
in depression with the SSRI escitalopram. Specifically, lower pre-treatment BOLD
responses to negative words in midbrain, dorsolateral prefrontal cortex, insula, middle
frontal cortex, premotor cortex, anterior cingulate, thalamus, and caudate were associated
with greater improvement (Figure 1). We also identified a highly overlapping set of clusters
that were generally involved in negative word processing (Figure 2).

While activity in a large network of regions was associated with treatment outcome, we
identified a more limited set of clusters in the paracingulate, globus pallidus and post-central
gyrus that were maximally predictive of treatment outcome using a data-driven cross-
validation method. Negative word activity across these clusters predicted 48% of the
variance in treatment outcome. These data suggest that pre-treatment neural activity during
this task may be a robust predictor of treatment outcome and that this methodology may
have use in identifying patients who are likely SSRI responders if replicated in subsequent
studies.

4.2. Cognitive Processes

The relationship between word processing and treatment outcome was not limited to
negative words. Lower activity during neutral and positive words in similar, but more
limited, clusters was also associated with better treatment outcome. These findings suggest
that it is not reactivity to negative emational stimuli that predicts treatment response. Rather,
it may be the recruitment of cognitive control networks necessary to evaluate and rate the
relevance of the word that is predictive. This latter mental process is relevant to all
experimental conditions tested here, but is likely to be recruited more heavily when
responding to negative words. Therefore, the widest extent of activity and strongest
prediction of treatment outcome was generated by the negative word condition, most likely
because this condition demanded the greatest degree of cognitive control.

Cogpnitive control subsumes a wide range of specific cognitive activities involving attention,
memory and decision-making. The design of this study precludes definitive conclusions
regarding the specific processes represented by these neural activations. A number of brain
regions identified here (superior and middle frontal gyrus, paracingulate cortex, dorsolateral
prefrontal cortex, thalamus, premotor cortex and insula) are involved in these processes
(Beauregard et al., 2001; Ochsner and Gross, 2005; Witt and Stevens, 2012). Lower BOLD
responses in these regions may indicate diminished engagement of cognitive control over
emotional material that is characteristic of depression (Joormann and Gotlib, 2010; Olafsson
etal., 2011). The fact that activation of these regions was also associated with diminished
response time to negative idiosyncratic words supports this formulation. This is consistent
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with findings that demonstrate that SSRIs impact negative cognitive processing biases in
MDD (Harmer et al., 2006; Harmer et al., 2009a; Harmer et al., 2009b; Murphy et al., 2009).

The association between midbrain activity and treatment outcome is also of interest. The
dorsal midbrain cluster of activity appears to overlap with the dorsal raphe nuclei (DRN),
which give rise to the majority of serotonergic projections in the brain (Jasinska et al.,
2012). Lower midbrain responses to emotionally negative stimuli may represent a failure of
serotonin-mediated responses to affective stimuli (Anderson et al., 2011; Elliott et al., 2011).
Individuals with such deficient responses may stand to gain the most from the enhancement
of serotonergic neurotransmission that is achieved by SSRI (Blier and De Montigny, 1983).

Among the regions identified as maximally predictive of treatment outcome in our cross-
validation analysis, paracingulate activity has been implicated as a biomarker for depression
(Zhang et al., 2011) that appears to play a role in cognitive control (Dichter et al., 2010;
Kikuchi et al., 2012). The globus pallidus has been implicated in the apathy and anhedonia
of major depression in both fMRI (Alexopoulos et al., 2012) and lesion studies (Vataja et al.,
2004; Miller et al., 2006).

4.3. Comparison with Previous Literature regarding SSRI Outcome

Our findings suggest that this cognitive and emotional word processing task evoked a
different range of activities compared with the entirely emotional processing tasks used in
previous studies (Davidson et al., 2003; Fu et al., 2004; Chen et al., 2007; Keedwell et al.,
2010; Victor et al., 2010), and thereby identified treatment predictive activity in a different
set of regions. Specifically, the network of regions identified here is largely comprised of
higher-level cognitive processing areas such as DLPFC, superior frontal gyrus, middle
frontal gyrus, and frontal pole as opposed to the limbic and ventral anterior cingulate regions
found in the above-mentioned studies.

Our analysis of the sgACC contrasted with findings from previous studies in that lower
rather than higher responses to negative valence in this region predicted better treatment
response (Fu et al., 2004; Keedwell et al., 2010). Subgenual ACC plays a key role in
connecting dorsal cortical and ventral limbic areas (Mayberg, 2003; Kemp et al., 2008). The
function of this connectivity during emotional processing (as in (Fu et al., 2004; Keedwell et
al., 2010; Ruhe et al., 2012)) is likely to differ from its function during explicit semantic
processing of emotional words. We tentatively hypothesize that initially this connectivity
brings attention to negative stimuli, whereas later it may facilitate shifting attention away
from negative stimuli. Consistent with our findings and this formulation, the cognitive bias
hypothesis proposes that people who give greater focus to negative stimuli and less focus to
positive stimuli are better candidates for SSRIs (Harmer et al., 2009a).

4 4. Differentiation of CBT and SSRI

In comparison with previous studies using the same fMRI task as a predictor of treatment
outcome with CBT (Siegle et al., 2006; Siegle et al., 2012) we identified both overlapping
and distinct predictors of outcome with escitalopram treatment. The majority of regions

identified in the current study subserve higher-level cognitive activities, such as planning,
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attention and memory. Activity in many of these regions was not identified as predictive of
CBT outcome (Siegle et al., 2006; Siegle et al., 2012). However, hypoactivity of DLPFC in
response to negative words was predictive of better outcomes with both CBT in a previous
study (Siegle et al., 2012) and with SSRI in the current study, suggesting that this may
represent a general predictor of treatment outcome across antidepressant modalities.

Differences between the current findings and studies of CBT may also be partially due to
differences in the samples enrolled. There may be differences in the groups that self-select
for CBT compared with SSRI treatment. One CBT study using this task primarily enrolled
individuals with recurrent MDD (Siegle et al., 2012), whereas 65% of our sample had
recurrent MDD. We required a longer minimal antidepressant-free interval prior to fMRI
scanning than other studies. Studies also differed in type of scanner and pulse sequences
employed (spiral vs. echo planar acquisitions). Another difference between the studies is the
time period used to identify activity associated with negative words. We examined activity
during the time period in which subjects rated word relevance, whereas the other studies
examined a longer predefined period of activity that continued for several seconds following
word rating. However, in a secondary analysis, we examined the time period following
negative word ratings, and found no associations with treatment outcome, suggesting that
the time period examined in our analyses did not explain the differences in findings.

4.5. Predictors of Outcome and Change With Treatment

We identified several brain regions in which low responses to negative stimuli are associated
with better SSRI outcome. Consistent with this finding, successful treatment with an SSRI
has been associated with increases in resting glucose metabolism or task-based fMRI
responses in the majority of these brain regions (caudate and thalamus (Walsh et al., 2007),
dorsolateral prefrontal cortex (Fales et al., 2009), premotor cortex, posterior cingulate,
anterior cingulate, and prefrontal cortices (Mayberg et al., 2000). This suggests that SSRIs
may exert their beneficial effects by enhancing adaptive processing of negative emotional
stimuli by this cognitive network. However, some brain imaging studies have found limited
correspondence between regions whose pre-treatment activity is predictive of outcome and
brain regions where responses change as a function of successful treatment (Davidson et al.,
2003; Kennedy et al., 2007; Fu et al., 2008; Siegle et al., 2012).

4.6. Limitations

Replication in a larger sample is needed. Our study used an algorithmic dosing schedule of
escitalopram that was standardized across all subjects, but which nonetheless led to
differential dosing of escitalopram across subjects in the sample. It remains be determined
whether these findings would be similarly predictive of outcome to other SSRIs, non-SSRI
antidepressants, placebo, or standardized psychotherapy when compared in a randomized
fashion. In addition, fMRI scanning was not repeated post-treatment, which could have
determined whether responses in regions identified as predictive of outcome in this study
mediate treatment effects.
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4.7. Conclusions

Negative word-related activity in a broad range of regions involved in cognitive control and
emotional reactivity predicts response to SSRI treatment. Future research should examine
this task as a predictor of differential treatment outcome across other treatment modalities.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Negative word processing regions associated with treatment outcome. Greater pre-treatment

BOLD responses to negative words in multiple brain regions were associated with worse
subsequent treatment outcome with escitalopram for major depression.
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Figure 2.
Group mean of voxels associated with negative word processing.
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Figure 3. Prediction of treatment outcome as a function of word valence
A. Red: Clusters whose activity during negative word processing is associated with

treatment outcome. Blue: Clusters whose activity during neutral word processing is
associated with treatment outcome (both at cluster corrected p<.05). Neutral word clusters
are presented at transparency of 0.5 and overlaid on negative word clusters. B. Red: Clusters
whose activity during negative word processing is associated with treatment outcome.
Green: Clusters whose activity during positive word processing is associated with treatment
outcome (both at cluster corrected p<.05). Positive word clusters are presented at
transparency of 0.5 and overlaid on negative word clusters.

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



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Miller et al.

Page 19

S

Left paracinguiate Right post-central gyrus Globus pallcus

Figure 4.
Clusters in which BOLD response to negative words was maximally predictive of treatment

outcome as identified using a cross-validation approach. Greater pre-treatment BOLD
responses to negative words in these regions were predictive of worse subsequent treatment
outcome with escitalopram for major depression.
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Figure 5.
Cluster in right subgenual cingulate in which the correlation between BOLD response and

word valence (negative to positive) was related to better treatment outcome.
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Relationship to post-treatment HDRS covarying for

baseline HDRS

Variable Mean+S.D. Ba p
Baseline 24-item HDRS 25.52+6.86 0.37 0.12
Post-treatment 24-item HDRS 12.24%7.12 N/A N/A
Baseline BDI 27.4+10.6 -0.16 0.53
Post-Treatment BDI 8.65+8.13 -0.78 0.41
Baseline Anxiety (HDRS Anxiety Factor)b 5.3£16 0.48¢ 0.08
Age 35.65+13.31 0.66 0.52
Education 15.59+2.71 -.116 0.86
Frequency (%)

Female 10 (58.8) -0.11 0.41
Non-Hispanic 12 (70.6) -0.92 0.81
Race

White 11 (64.7) -5.88 0.12

American Indian 1(5.8)

Asian 2 (11.8)

Black 2(11.8)

Multi-racial 1(5.8)
Medication Naive 10 (58.9) -0.2 0.96
Non-normally distributed variables Median (range) rSd p
Length of Current Episode (weeks) 104(2-466) -0.18 0.60
Number of Previous Episodes 1.5 (0-70) -0.17 0.54
Comorbid anxiety disorder N=7 0.02 0.96
# of weeks off antidepressant medications (among medication- 64 (9-719) -0.4 0.38
exposed)
Right Handed N=16 -0.019 0.94
Smoking N=2 -0.207 0.42

aMultiple linear regression (DF=2,16);

bSum of items 9, 10, 11, and 15 from HDRS; see (Grunebaum et al, 2005) for details on HDRS factor analysis. Range of scores = 0-12.

CPrediction of final HDRS from baseline HDRS anxiety factor while controlling for baseline HDRS excluding anxiety factor items;

dSpearman's rank correlation (DF=17)
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