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Abstract

Background—Cognitive bias is a common characteristic of major depressive disorder (MDD)
and is posited to remain during remission and contribute to recurrence risk. Attention bias may be
related to enhanced amygdala activity or altered amygdala functional connectivity in depression.
The current study examined attention bias, brain activity for emotional images, and functional
connectivity in post-menopausal women with and without a history of major depression.

Methods—Attention bias for emotionally valenced images was examined in 33 postmenopausal
women with (n=12) and without (n=21) a history of major depression using an emotion dot probe
task during fMRI. Group differences in amygdala activity and functional connectivity were
assessed using fMRI and examined for correlations to attention performance.

Results—Women with a history of MDD showed greater attentional bias for negative images and
greater activity in brain areas including the amygdala for both positive and negative images (pcorr
< 0.001) than women without a history of MDD. In all participants, amygdala activity for negative
images was correlated with attention facilitation for emotional images. Women with a history of
MDD had significantly greater functional connectivity between the amygdala and hippocampal
complex. In all participants amygdala — hippocampal connectivity was positively correlated with
attention facilitation for negative images.

Limitations—Small sample with unbalanced groups.

Conclusions—These findings provide evidence for negative attentional bias in euthymic,
remitted depressed individuals. Activity and functional connectivity in limbic and attention
networks may provide a neurobiological basis for continued cognitive bias in remitted depression.
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1. Introduction

Major depressive disorder (MDD) is a complex disorder that impacts multiple systems in the
brain and alters emotional and cognitive processes that are integral to healthy daily
functioning and quality of life. The incidence and prevalence of MDD in women is 2—-3
times higher than in men (Kessler et al., 2003). In men new onset rates and 12 month
prevalence of MDD remain fairly constant from puberty to old age, but increase in women at
puberty and remain higher than men until menopause (Kessler, R. C., Berglund, P., Demler,
0.,Jin, R., Merikangas, K. R., & Walters, 2005; Kessler, 2003). Although new-onset MDD
in women generally declines in following the menopause transition, women with previous
depressive episodes remain at high risk for recurrence(Freeman et al., 2014). Identifying
trait-like factors that remain during remission may help identify novel targets for treatments
and interventions aimed at reducing depression recurrence in these women.

Cognitive bias for negative emotional information may contribute to mood disorder risk.
Beck’s model posits that greater attention or memory for negative events contributes to the
development, maintenance, and recurrence of depression by influencing schemas about the
self and the world(Beck, 2005; Beck and Haigh, 2014). Consistent with this cognitive model
depressed and dysthymic individuals show enhanced memory (Hallion and Ruscio, 2011)
and attention(Duque and Vazquez, 2015; Isaac et al., 2014; Sears et al., 2011; Wiens and
Syrjanen, 2013) for negative information. Attention bias may present as enhanced initial
orientation of attention to emotionally-valenced stimuli or difficulty disengaging from
stimuli that have captured attention. Previous studies of attention bias in currently depressed
and at-risk individuals have demonstrated difficulty disengaging attention from emotionally-
valenced stimuli (Gotlib et al., 2004; Joormann et al., 2007). Studies examining biased
attentional orientation toward emotional-stimuli have provided inconsistent results, however
orientation can be affected by stimulus type and duration and many studies have used stimuli
better suited to assess attention bias related to anxiety than depression (Gotlib and
Joormann, 2010).

A causative link between cognitive bias and mood is suggested by the finding that
modulating attention bias also affects anxiety and depressive symptoms (Hallion and Ruscio,
2011). Experimentally, attention bias modification has been shown to be able to both
decrease depressive symptoms (by reducing negative bias) and increase depressive
symptoms (by increasing negative bias)(Hallion and Ruscio, 2011), indicating that bias in
attention may contribute directly to depressive symptoms rather than being a consequence of
depressed mood.

An important component of the cognitive model of depression is that cognitive bias is not

only related to current mood-state or stress but also to mood-independent cognitive schemas
and altered cognitive processing of emotional information that remain during remission and
euthymia (Beck and Haigh, 2014; Sears et al., 2011). Mood-congruent cognitive biases have
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been reliably found in currently depressed individuals and are associated with the severity of
depressive symptoms (Gaddy and Ingram, 2014). Cognitive bias in euthymic, remitted
depressed individuals may indicate a trait cognitive vulnerability for depression (Joormann
and Gotlib, 2007; Sears et al., 2011) that contributes to the high risk of recurrence (Keller
and Berndt, 2002; Kessler et al., 2003; Solomon et al., 1997).

Brain activity or functional connectivity differences that remain in remission may represent a
neurobiological basis for continued cognitive biases and vulnerability to depression. Altered
activity in fronto-limbic circuits has been associated with attention bias, negative mood, and
rumination in currently depressed individuals. De Raedt and Koster (2010) posit a model of
depression vulnerability in which decreased dorsal prefrontal activity and increased
amygdala activity contributes to negative mood and risk for future depressive episodes (De
Raedt and Koster, 2010). This model is supported by studies demonstrating that both
currently depressed (Arnone et al., 2012), and at risk populations (Zhong et al., 2011) show
greater amygdala activity to negative emotional stimuli than never depressed healthy
controls. Attention bias for negative information in remitted depressed individuals may be
related to greater amygdala responses for negative stimuli and altered functional
connectivity.

To assess attention bias in euthymic post-menopausal women with remitted depression we
examined performance and functional brain activity in participants with and without a
history of depression during an emotion dot probe (EDP) task. We used fMRI during the
EDP task to examine brain activity associated with differences in attentional bias for
emotionally-valenced images. We examined resting-state functional connectivity before the
EDP task to assess differences in intrinsic amygdala functional connections to other brain
areas between the groups. This intrinsic functional connectivity, measured before the task
and in the absence of negative-mood induction, may represent stable, trait-like differences in
amygdala function (unrelated to task or mood). Altered functional interaction between brain
regions responsible for emotional processing may predispose processing of negative
emotional information in women with past MDD history despite being euthymic and reveal
a neurobiological basis for cognitive vulnerability to depression recurrence in these women.

We hypothesized that participants with a history of MDD would show attention bias for
negative images that would not be seen in participants without a history of MDD, and that
attention bias would be associated with greater amygdala activity for negative images and
altered amygdala functional connectivity.

2. Methods

2.1 Participants

Thirty three right handed postmenopausal women between the ages of 45-75 were included
in this study (Past MDD: n=12; No MDD: n=21). Participants were recruited for a larger
study examining the effects of estradiol replacement on stress responding in postmenopausal
women with and without a history of depression. Participants were recruited through notices
in local media and direct mailings which described the study as having a focus on cognition
after menopause. Potential participants completed a screening visit before approval for study
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inclusion. The results reported here include data from all women who completed baseline
study visits (pre-estradiol treatment). No participants received estradiol treatment prior to or
during participation in the procedures described here. None of the participants were taking
ovarian hormones and were at least one year without such treatment. This study was
approved by the Vanderbilt University Institutional Review Board and informed consent was
obtained from all participants.

2.2 Cognitive Screening

All participants were cognitively assessed using: the Wechsler Abbreviated Scale of
Intelligence (WASI-II) (Wechsler, 2013), the Mini Mental State Exam (MMSE) (Folstein et
al., 1975), Mattis Dementia Rating Scale (DRS-2) (Mattis, 1988), Brief Cognitive Rating
Scale, and the Global Deterioration Scale (GDS) (Reisberg et al., 1982). Participants were
required to have a GDS score of 1-2 and a MMSE score of greater than 25. No participant
scored below 123 on the Mattis scale or below 90 on the WASI; participants were of average
or above intelligence with no evidence of dementia or mild cognitive impairment.

2.3 MDD History Screening

2.4 Emotion

Participants were screened for current and past depression, mania and dysthymia using the
partial Structured Clinical Interview for DSM-IV-TR (SCID) (Spitzer et al., 1992).
Participants were excluded for a history of premenstrual dysphoric disorder, or any axis |
diagnosis (current or past) other than MDD.

Criteria for never depressed participants were: no current or past episodes that met SCID
criteria for MDD, dysthymia, or mania, a current score less than 7 on the Beck Depression
Inventory (BDI), and less than 15 on Beck Anxiety Inventory (BAI) (Beck, 1978).

Criteria for prior history of MDD were: at least one episode, in the last ten years that met
criteria for MDD on the SCID, no MDD episodes in the last year, current BDI score less
than 7, and current BAI less than 15.

Dot Probe (EDP) Task

The EDP task is a spatial attention task that measures attention bias (Kimonis et al., 2006;
Mufioz Centifanti et al., 2013). The EDP task used in this study was a picture variant using
images from the International Affective Pictures System (IAPS) (Lang, P.J., Bradley, M.M.,
& Cuthbert, 2008) and included neutral, positive, and negative (threat and distress) images
(Figure 1). Trials of the EDP consisted of a fixation cross presented in the middle of the
screen, followed by a brief presentation (500 ms) of a picture pair with one image each on
the right and left of the screen. After the picture presentation, a target (asterisk) appeared
either on the right or left of the screen (replacing one of the images) and the participant was
instructed to indicate by finger button press the side of the screen on which the target
appeared as quickly as possible (available response duration was 1750 ms). The time
between the target’s appearance and the subject’s response was used for the calculations of
reaction time; with incorrect trials excluded (Supplementary Table 1).
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The EDP was adapted for MRI and run as an event related design (1 run) with three trial
types relevant to the presented data: “Neutral” trials (60 trials): neutral-neutral pair;
“Negative” trials(60 trials): neutral-negative (valence: mean = 2.58, SD = 0.92; arousal:
mean = 5.56, SD = 0.88) pair; and “Positive” trials (60 trials): neutral-positive (valence:
mean = 7.53, SD = 0.48; arousal: mean = 4.72, SD = 0.91) pair. There were no trials in
which negative and positive images were presented together and the presentation order of
trial types was randomized. In 2/3 (40 trials) of “Negative” or “Positive” trials the target
replaced the emotionally valenced image.

Attention facilitation is the primary outcome measure of the EDP task and represents bias in
orienting attention towards emotionally-valenced images (Kimonis et al., 2006). For each
emotional trial type, attention facilitation was defined as the difference in reaction time
between “Negative” or “Positive” trials and “Neutral” trials. A shorter reaction time for
“Negative” or “Positive” trials indicated attention facilitation for negative or positive images.

In 1/3 (20 trials) of “Negative” and “Positive” trials the target replaced the neutral image.
These trials were used for the measurement of attention preference (in other literature
referred to as attention bias) which represents difficulty disengaging attention from the
location of emotionally-valenced images once the target replaces the neutral image (Kimonis
et al., 2006). Attention preference was measured as the difference in reaction time for trials
in which the target replaced the neutral image and trials in which the target replaced the
emotionally valenced image. Only correct trials were included in performance measure
calculations (Supplementary Table 1).

2.5 EDP Analysis

The effect of valence on overall EDP performance was assessed using a multivariate analysis
of variance (MANOVA) including EDP performance measures (facilitation and preference)
as dependent variables with trial valence (positive and negative) and group (MDD Hx- and
MDD Hx+)as independent variables.

A separate MANOVA including valenced EDP performance measures (negative facilitation,
positive facilitation, negative preference, and positive preference) as dependent variables
with group (MDD Hx- and MDD Hx+) and trait anxiety (STAI) as independent variables
was conducted. This analysis was designed to assess the effects of MDD history separately
from the effects of trait anxiety (which is often high in individuals with MDD), and to assess
any interactive effect between MDD history and trait anxiety.

2.6 Self-rated Measures

Before the EDP, participants completed self-rated measures including: the State — Trait
Anxiety Inventory (STAI) (Spielberger, 1983), the Stress Arousal Checklist (SACL) (King et
al., 1983), and the Profile of Mood States (POMS) (McNair et al., 1989). Following the
EDP, participants completed a second SACL and POMS, and a visual analogue scale (VAS)
for task perception including: the extent of their personal involvement, how stressful, new,
uncontrollable, and unpredictable the task was, and whether they anticipated negative
consequences. These measures have been previously used to assess the stressfulness of
laboratory tasks and procedures (Kirschbaum et al., 1999; Kudielka et al., 2004).
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Independent t-tests were run for group differences in STAI, VAS, and for difference score on
the SACL and POMS (pre to post EDP).

2.7 Imaging Parameters

Participants were scanned on a Philips 3.0 Tesla Achieva scanner, with an 8 channel head
coil. All participants received the following MR sequences:

1. Sagittal T1-weighted 3D Turbo Field Echo Sensitivity Encoding (TFE SENSE)
sequence perpendicular to the anterior commissure (AC) -posterior commissure
(PC) line, repetition time (TR) of 9.9 ms, echo time (TE) of 4.6 ms, a flip angle
of 8°, number signal averages (NSA) 1.0, a field of view (FOV) of 256 mm, a
256 x 256 matrix, and 1.0 mm slice thickness with no gap for 140 contiguous
slices.

2. T2- weighted Gradient and Spin Echo (GRASE) sequence parallel to the AC-PC
line, TR 2470 ms, TE 80 ms, NSA 3.0, FOV of 230 mm, 0.7 mm slice thickness
with 5.0 mm gap for 28 slices

3. Echoplanar Blood Oxygenation Level Dependent (EpiBOLD) functional resting-
state scan with transverse orientation, TR 1500 ms, TE 35 ms, flip angle 90°, 1
NSA for FOV 240 mm, 80 X 80 matrix, and 5.0 mm slice thickness with no gap,
for 24 slices.

4. EpiBOLD functional sequence during the EDP with transverse orientation, TR
2500 ms, TE 35 ms, flip angle 90°, 1 NSA for, FOV 240, 240 X 128 matrix, and
4.0 mm slice thickness with no gap, with ascending interleaved acquisition, for
35 contiguous slices.

2.8 Imaging Analysis

fMRI data was processed using Statistical Parametric Mapping (SPM8) (Wellcome
Department of Cognitive Neurology, 2008). Preprocessing included: realignment of the
functional runs and correction for bulk-head motion, coregistration of functional and
anatomical images for each participant, segmentation of the anatomical image,
normalization of the anatomical and functional images to the standard MNI template, and
spatial smoothing with a Gaussian filter (8 mm at full width, half maximum).

At first level analysis, T-maps were created from linear contrasts for the task conditions
“Negative — Neutral” and “Positive — Neutral”; these T-maps were used in the whole-brain
(masked for gray matter) 2"d - level analysis of participant group effects with two-sample t-
tests. 279 level t-tests were conducted to examine differences in brain activity for the contrast
of task conditions “Negative-Neutral” and “Positive-Neutral” between the two participant
groups (MDD Hx + and MDD Hx-). Average percent signal change (task condition —
fixation time between trials) was calculated for each significant cluster from the second level
group comparison using MARSBAR (Brett et al., 2002). Percent signal change was used for
correlation analyses with behavioral measures.

The preprocessed functional images had a voxel size of 2 X 2 X 2 mm and cluster threshold
correction was used to control for multiple comparisons (from voxel wise p = 0.005) to
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corrected p < 0.001 with k = 58 (corrected voxel-wise p = 0.000001) from alpha simulation
in REST toolbox for SPM (Song et al., 2011).

2.9 Functional Connectivity Analysis

3. Results

Each participant completed a resting scan (eyes open with fixation cross) before the EDP
task scan. Images from the resting scan were preprocessed in SPM8 including: realignment
of the functional runs and correction for bulk-head motion, coregistration of functional and
anatomical images for each participant, segmentation of the anatomical image,
normalization of the anatomical and functional images to the standard MNI template, and
spatial smoothing with a Gaussian filter (6 mm at full width, half maximum). To evaluate
resting state functional connectivity to amygdala, we entered right and left amygdala
(anatomical ROI from the human AAL atlas defined in WFU PickAtlas) as seeds in a resting
state functional connectivity analysis performed using the MATLAB-based functional
connectivity toolbox Conn (Whitfield-Gabrieli and Nieto-Castanon, 2012). Each subject’s
normalized structural and functional images and T1W tissue maps were used as input into
Conn. The resulting BOLD time series were band-pass filtered (0.01-0.1 Hz) to further
reduce noise and increase sensitivity. Volumes that exceed 2 mm of motion were identified
using the ART toolbox in SPM. The output matrices of SPM movement were entered into
CONN as first-level covariates; the mean BOLD time series from each seed was entered as a
predictor in a multiple regression general linear model at each voxel.

Individual subject functional connectivity maps (in beta-weight units) were entered into a
whole-brain (masked for gray matter) second level random effects analysis of participant
group effects with two-sample t-tests. Cluster threshold correction was used to control for
multiple comparisons (from voxel wise p = 0.005) to corrected p < 0.001 with k = 32
(corrected voxel-wise p = 0.000002) from alpha simulation in REST toolbox for SPM (Song
etal., 2011).

3.1 Participants

Participants in this study were 33 postmenopausal women. Twenty one women had no
history of depression (MDD Hx-), and 12 had a past history of depression (MDD Hx+).
Depression history was assessed using the SCID: time since first episode (M =17.81 years,
SD = 10.85), number of episodes (M = 2.1, SD = 0.95), time since last episode (M = 4.1
years, SD = 2.38). There was no significant difference in age between the participant groups
(Table 1). All participants scored within the normal range for age on the DRS, WASI IQ, and
MMSE, and no participants endorsed significant impairments on the BCRS or GDS. There
were no significant differences between groups on these measures nor on the NEO, BDI, or
BAI, state anxiety, or trait anxiety inventories (Table 1), additionally all participants scored
within the non-clinical range on these measures consistent with a euthymic state.

Two of the participants in the MDD HX+ group (and no participants in the MDD Hx-) were
currently taking antidepressants during study participation. Participants taking
antidepressant medication were required to have been on the same medication and dosage
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for at least 3 months. The effect of removing the 2 participants taking antidepressant
medication from analysis was examined; all results remained significant and the direction of
effects was not changed.

3.2 Self-rated Measures

3.3 Emotion

There were no differences between participant groups on any of the subjective measures
(Table 2). In an analysis including all participants, SACL arousal significantly decreased
after the EDP compared to before the EDP (t (35) = 4.65, p < 0.001); there was no
significant change in SACL stress (t (35) = —0.88, p = 0.38) or POMS total mood
disturbance (p = 0.13). There was no significant difference between groups in the change in
SACL arousal (t (34) =0.52, p = 0.61), SACL stress (t (34) =0.38, p = 0.71), or POMS total
mood disturbance (t (34) = 0.80, p = 0.43) pre and post EDP. The EDP did not increase
subjective stress or negative mood, and there was no difference between the MDD Hx+ and
MDD Hx- groups in these self-rated measures.

Dot Probe Performance

In a MANOVA including valence and MDD history there was a main effect of valence on
attention preference (F (1) = 10.62, p < 0.01) with greater overall preference for negative
images than positive images (t (66) = 3.63, p <0.001), but not facilitation (F (1) = 0.01, p =
0.91). There was no significant interaction between MDD history and valence on attention
facilitation (F (1) = =0.95, p = 0.33) or preference (F (1) = 0.38, p = 0.54). There were no
significant differences in median reaction time between groups for any trial type
(Supplementary Table 3).

The MDD Hx- group had significantly longer reaction times for trials in which the target
replaced positive (t (20) = —3.99, p < 0.005) or negative (t (20) = -5.09, p < 0.005) images
compared to neutral images. The MDD Hx+ group did not show a significant difference in
reaction times for targets that replace positive (t (11) = —0.54, p = 0.60) or negative (t (11) =
0.05, p = 0.96) image compared to neutral images.

In a MANOVA including MDD history and trait anxiety (STAI), there was a main effect of
MDD history on facilitation for negative images (F(1) = 8.20, p < 0.05) with the MDD Hx+
group showing greater facilitation for negative images (mean = —0.30 ms, SD = 16.08) than
the MDD Hx~- group (mean = 18.71 ms, SD = 13.65) (Figure 2). There was no significant
main effect of MDD history on facilitation for positive images or on preference for either
negative or positive images (Supplementary Table 1). There was no significant main effect
of trait anxiety or a significant interaction effect of trait anxiety and MDD history on any
facilitation or preference measures (Supplementary Table 2).

3.4 Task fMRI

During negative image trials (“Negative”- “Neutral”) the MDD Hx+ group had significantly
greater activity in the left amygdala, right para/hippocampus, and bilateral precuneus than
the MDD HX- group (Figure 3). During positive image trials (“Positive”- “Neutral”), the
MDD Hx+ group had greater activity in the left amygdala and bilateral precuneus than the
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MDD Hx- group. There was no difference in activity during trials that contained only
neutral images.

Left amygdala activity for negative images was positively correlated with attention
facilitation for both negative and positive images in an analysis of all participants, with the
correlation stronger for negative facilitation (negative facilitation: r = 0.44, p < 0.01, positive
facilitation: r = 0.34, p < 0.05) (Supplementary Figure 1). There was no association between
amygdala activity for positive images and attention facilitation for either negative or positive
images. Activity in the right parahippocampus and bilateral precuneus was not significantly
correlated with negative or positive facilitation.

3.5 Functional Connectivity

Seeding right or left amygdala in a single t-test for all participants resulted in positive
connectivity maps that included bilateral limbic regions (amygdala and hippocampus),
temporal pole, inferior and superior temporal regions, basal ganglia, middle cingulum,
insula, and inferior frontal regions. The mean number of volumes that exceeded 2 mm of
motion per participant was 1.51 (SD = 0.46) with no significant difference between groups (t
(31) =-0.11, p = 0.91). There was one outlier participant per group for volumes exceeding
the motion threshold; removing these data from the analysis resulted in a mean number of
volumes that exceeded 2 mm of motion per participant of 1.00 (SD = 0.31) with no
significant difference between groups (t (29) = 0.43, p = 0.67), and did not alter the
functional connectivity results, thus these data were included in all analyses.

A second level independent t-test comparison of participant groups showed greater
connectivity in the MDD Hx+ group between left amygdala and right parahippocampus/
hippocampus and bilateral calcarine areas (corrected p < 0.001) (Figure 4). In an analysis of
all participants, left amygdala resting connectivity to the right parahippocampus/
hippocampus was correlated with negative facilitation (r = 0.36, p<0.05) and amygdala
activity during the EDP task (negative images: r = 0.47, p < 0.01; positive images; r = 0.38,
p < 0.05; neutral images: r = 0.47, p < 0.01) (Supplementary Figure 2). Left amygdala
connectivity to precuneus did not significantly correlate with amygdala activity or
performance during the EDP task. There were no significant differences between groups for
right amygdala connectivity.

4. Discussion

The principal finding of this study is that women with a history of MDD showed greater
attention facilitation for negative images than women without a history of MDD. Women
with a history of MDD also showed greater amygdala activity for negative images and
greater amygdala-hippocampal functional connectivity than women without a history of
MDD. Amygdala activity and connectivity to the hippocampal complex were positively
correlated with attention facilitation for negative images. These findings suggest that
participants without a history of MDD avoided orienting attention to emotionally-valenced
images, while participants with a history of MDD showed attention bias or an inability to
suppress preferential orienting to emotionally-valenced images.
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The difference in attention facilitation for negative images between the participant groups
during euthymic mood supports the hypothesis that cognitive bias is a trait characteristic of
depression vulnerability rather than a consequence of negative mood. Beck’s cognitive
model and recent studies in individuals with other risk factors for depression suggest that
cognitive biases may be present even before MDD onset and contribute to increased risk for
mood and anxiety disorders (Beck and Haigh, 2014; Joormann and Gotlib, 2007; Zhong et
al., 2011). Although this study was not designed to determine whether attention bias is a risk
factor or consequence of MDD history, the results of this study indicate that attention bias
for negative information can be seen in individuals with past MDD without inducing a
negative mood state. Attention bias for negative information may be an on-going
vulnerability for MDD recurrence independent of mood state.

In contrast to well accepted findings of bias for positive emotional information in never
depressed individuals (Isaac et al., 2014; Joormann and Gotlib, 2007; Sears et al., 2011) this
study found that women without a history of MDD showed attentional facilitation away
from both negative and positive images (toward neutral images). The results of this study are
also counter previous findings that depressed individuals show difficulty disengaging
attention from emotional stimuli rather than biased attention orienting (Gotlib et al., 2004).
This study used shorter presentation durations and more complex visual stimuli than
previous studies that found positivity bias in never depressed participants. As this study used
a modified version of the EDP task with IAPS images, replication using an emotion-faces
version of the task with longer image durations may be necessary for better comparison with
previous literature. It may be that attentional avoidance of negative and positive images in
never depressed participants represents an effect of arousal rather than valence. Both
negative and positive images are higher in arousal ratings than neutral images in the IAPS.
Because of the short stimuli presentation durations, participants may have adopted a strategy
of avoiding highly arousing images in an attempt to avoid negative images

Participants in the current study may have avoided directing attention to highly arousing
images; a similar study found that older adults showed attentional avoidance for both
positive and negative images compared to neutral images (Demeyer and De Raedt, 2013).
However, participants with a history of MDD had equivalent reaction times during neutral
and emotionally valenced image trials suggesting that they were less able to direct attention
away from the both negative and positive images compared to neutral images.

Participants with a history of MDD also showed greater limbic and visual region activity for
emotionally valenced images than participants without a history of MDD. In all participants
left amygdala activity was more strongly correlated with attention facilitation for negative
images than positive images. These results suggest that there is a stronger relation between
amygdala activity and attention for negative information than positive information. The
amygdala has direct bi-directional projections to early visual areas and likely enhances
attention to emotional information through feedback mechanisms to visual regions (Pourtois
et al., 2013). Resting functional connectivity analyses in the current study indicated stronger
connectivity between left amygdala and areas important for the integration of visual
perception and attention (Cavanna and Trimble, 2006) in participants with a history of
MDD. Lateralization of these findings to the left amygdala may be related to the left
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lateralization of amygdala activity for emotionally-valenced information (Cahill et al., 2001)
and greater overall functional connectivity in left compared to right amygdala(Kilpatrick et
al., 2006) in women. Attention networks in individuals with a history of MDD may be
predisposed to attentional gain for negative emotional information through amygdala
feedback to visual regions.

4.1 Limitations

The depression history of participants in this study was fairly homogenous with no
participants having highly recurrent depressive episodes. We did not include participants
who reported current or past diagnosed anxiety disorder and the participant groups had
similar low scores on the BAI and STAI. The current results did not show an effect of trait
anxiety or interaction with MDD history; however the participants in this study had low
anxiety symptoms. As depression and anxiety are highly co-morbid, future studies should
seek to include a wider range of anxiety symptoms and examine the separate effects of
depression and anxiety vulnerability on emotional attention. The results of this study should
be interpreted with consideration to relatively small sample size for the MDD Hx+ group
and the unbalanced sample size between the two groups. These results may be best utilized
for generating hypotheses for future work to include larger sample sizes and more specific
characterization of depression and anxiety history.

Additionally, this study only included postmenopausal women as participants, which limits
the interpretation of these results for young women and men. Although sex differences in
attention bias in depression have not been previously examined, prior studies suggest sex
differences in neural activity for emotional processing that may interact with gonadal
hormone levels (Kret and De Gelder, 2012). Future studies should examine whether the
association of depression history and cognitive bias differs by sex or hormonal status.

4.2 Conclusions

Cognitive models predict that enhanced amygdala sensitivity and attentional processing of
negative information increases depression risk by supporting negative cognitive schemas.
Greater attention to negative information may contribute to the perception that negative
information is more salient or predictive of future events than neutral or positive
information, thus enhancing the depressogenic effects of negative life events and stressors.

Greater amygdala activity and attention facilitation for emotionally-valenced images in
women with a history of MDD compared to women with no MDD history may be relevant
to the continued greater risk of depressive episodes associated with past depression in
postmenopausal women. Altered amygdala activity and connectivity in remitted women with
a history of MDD may contribute to a cognitive vulnerability for depressive symptoms that
remains during euthymic remission.

The current findings of positive correlations between negative attention facilitation and
amygdala activity and resting connectivity in attention networks provide evidence that
differences in activity and functional connectivity in limbic and attention networks may
provide a neurobiological basis for cognitive bias in remitted depressed individuals. If the
results of this study are confirmed future work may further define neurobiological markers
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of depression recurrence risk and identify individuals who may benefit from cognitive
training treatment approaches. Women with a history of MDD who show attention bias for
negative emotional information may be at a greater risk for depression recurrence and
benefit from cognitive training approaches. The effect of cognitive bias modification training
on EDP performance, associated brain activity, and risk for depression recurrence should be
examined in prospective longitudinal studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. MDD history was associated with attention bias for negative images.

. MDD history was associated with greater amygdala activity for emotional
images.

. Amygdala activity was correlated with attention facilitation for emotional
images.

. Amygdala-hippocampal connectivity was greater in participants with MDD
history.

. Amygdala connectivity correlated with attentional facilitation for negative
images.
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Trial used to assess attention facilitation :
target replaces emotionally-valenced image

Trial used to assess attention preference:
target replaces neutral image

Figure 1.
Emotion Dot Probe (EDP) Task
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Figure 2. EDP Performance and Amygdala Activity
A) MDD HX- group (n=21) showed greater reaction time for both negative and positive

images than neutral images during the EDP. The MDD Hx+ (n=12) group did not show a
reaction time difference between negative and neutral images. The difference in reaction
time between neutral and negative images was significantly greater in the MDD Hx- group
compared to the MDD Hx+ group (t (34) = 2.78, p < 0.01). B) Amygdala activity during the
EDP was greater in the MDD HX+ during both negative positive images than the MDD Hx-—
group (corr p < 0.001). Error bars: +/- 1 SD.
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Figure 3. EDP Brain Activity
Negative images - neutral images: MDD HX+ > -MDD HX- (corr p < 0.001).MDD Hx+

group had greater activity in the left amygdala (MNI: —22, -2, —16) and right hippocampal
complex (MNI: 22,—28,-14), and bilateral precuneus (MNI: —12, —46, 6; 10, -50, 8) during
negative images than the MDD Hx- group.
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Figure 4. Functional Connectivity with Left Amygdala
Greater resting functional connectivity between left amygdala and right hippocampal

complex (MNI: 18, —28, —10) and calcarine areas (MNI: 12, -98, 4) in MDD HX+
compared to MDD HX- (corr p < 0.001).
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