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Abstract
Background: The death of an attachment figure triggers intrusive thoughts of the deceased,
sadness, and yearning for reunion. Recovery requires reduction of symptoms. We hypothesized that
symptoms might correlate with a capacity to regulate attention toward reminders of the deceased,
and activity in, and functional connectivity between, prefrontal regulatory regions and the amygdala.

Methods: Twenty recently bereaved subjects rated intrusive thoughts of the deceased versus a
capacity to avoid thoughts (grief style). Reaction time was measured while subjects completed an
Emotional Stroop (ES) task contrasting deceased-related with control words during functional
magnetic resonance imaging (fMRI). Subjects subsequently visualized the death of the deceased and
rated induced emotions.

Results: Subjects demonstrated attentional bias toward deceased-related words. Bias magnitude
correlated with amygdala, insula, dorsolateral prefrontal cortex (DLPFC) activity. Amygdala activity
predicted induced sadness intensity. A double dissociation between grief style and both prefrontal
and amygdala subregion activity was found. Intrusiveness correlated with activation of ventral
amygdala and rostral anterior cingulate (rACC); avoidance correlated with deactivation of dorsal
amygdala and DLPFC. A double dissociation between regulatory region and task-dependent
functional connectivity (FC) was found. High DLPFC-amygdala FC correlated with reduced
attentional bias, while low rACC-amygdala FC predicted sadness intensity.

Conclusions: Results are consistent with a model in which activity in and functional connectivity
between the amygdala and prefrontal regulatory regions indexes differences in mourners' regulation
of attention and sadness during pangs of grief, and may be used to distinguish between clinically
relevant differences in grief style.
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A central task of bereavement (1-3) is to reduce the frequency and intensity of three cardinal
symptoms: intrusive thoughts of the deceased, sadness, and yearning for reunion (4-6).
Whereas in acute grief these are considered normal, recovery involves a capacity to tolerate
reminders of the deceased without symptom induction. Failure to dampen symptoms within
18 months is diagnostic of complicated grief, which develops in 7% to 22% of all mourners
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and affects roughly 200 million people worldwide each year (5,6). An important clinical
question is what neural mechanisms allow mourners to modulate symptoms during the acute
phases of grief sufficiently to recover.

We have previously proposed an incentive salience model of grief, in which yearning and
intrusive thoughts orient attention toward the unattainable goal of reunion. These must
eventually be downregulated; there is debate over whether sadness facilitates or impedes
downregulation (7). Three previous imaging studies of bereavement (8-10) have addressed
aspects of this model and found support for a role for the nucleus accumbens in mediating
yearning in unresolved grief (8). However, none have used behavioral measures of attention
to evaluate grief symptomatology. Further, no previous imaging study has evaluated acute
grief, occurring within 3 months of the loss, or focused on the likely role of the amygdala in
separation distress.

In this study, we sought to extend to bereavement findings that attention indexes threats to
living attachments (11), as well as other salient stimuli (12,13). We hypothesized that between-
subject differences in mourners' attention toward deceased-related stimuli might identify brain
regions mediating intrusive thoughts of the deceased, including the amygdala. We also
hypothesized that subjects reporting high levels of intrusive thoughts would demonstrate
amygdala hyperactivity on exposure to reminders of their loss, while avoidance would correlate
with the opposite pattern.

Hypotheses about attentional and emotional reactivity in grief focused on the amygdala as a
candidate neural structure, because several lines of evidence indicate a role for this structure
in separation distress. The amygdala is implicated in the subjective experience of sadness
(14,15) and more generally in salience encoding and emotional memory (16). It may play a
role in detecting social danger (17,18), including threats to attachment (19). Modulatory studies
indicate that oxytocin, a neurotransmitter implicated in promoting attachment and bonding,
dampens amygdala reactivity to interpersonal threats in humans (20). Juvenile primates with
bilateral amygdala lesions, compared with sham and hippocampal control subjects,
demonstrate normal attachment behaviors but reduced maternal proximity seeking and distress
vocalizations (21). In concert, these findings suggest the previously untested hypothesis that
in acutely bereaved human adults, the amygdala may help mediate affective and attentional
reactivity to reminders of a deceased attachment, including attentional bias and sadness.

Finally, we examined regulatory processes in acute grief. Consistent with findings of deficits
in prefrontal control over amygdala in other affective disorders (22-27), we hypothesized that
brain regions that contextualize, monitor, or exert regulatory control over amygdala may
modulate grief symptomatology (14,15,28-30). We explored the relationship between the
amygdala and three candidate regulatory regions—the dorsolateral prefrontal cortex (DLPFC),
the rostral anterior cingulate cortex (rACC), and the dorsal anterior cingulate cortex (dACC).
We hypothesized that differences in both attention and grief-related emotion might correlate
with the strength of functional connectivity between regulatory regions and the amygdala.

To test these hypotheses, we studied 20 psychiatrically healthy subjects recently bereaved of
a pet. Pet bereavement has analogous symptoms to human grief (31), and intensity correlates
with attachment strength (32,33). Subjects underwent functional magnetic resonance imaging
(fMRI) while completing an Emotional Stroop (ES) task designed to elicit evidence of bias
toward reminders of the deceased. Emotional Stroop tasks, pairing emotionally salient words
against control words, are an accepted method for examining the relationship between attention
and neural activity (13,34). We examined whether attentional bias toward deceased-related
words elicited activity in and functional connectivity between salience-processing brain
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regions. Further, we examined whether two clinically distinct grief styles—intrusiveness and
avoidance—correlated with distinct activity patterns.

Immediately following the ES task, subjects visualized being with the deceased, allowing
emotion to unfold naturally. The task was not an emotion regulation task, and neural activity
was not analyzed. Rather, peak separation distress was measured by questionnaire following
mood induction under conditions similar to those seen in the clinical treatment of grief. We
hypothesized that relative deficits in functional connectivity between control regions and the
amygdala during the ES task might predict vulnerability to grief-related emotion.

Methods and Materials
Participants

The Institutional Review Board of the New York State Psychiatric Institute approved the study
and subjects gave informed written consent. Twenty subjects (16 female subjects, 37.8 ± 13.1
years, range = 22–62) who had lost a pet dog or cat (mean ownership 10.6 ± 5 years) within
the previous 3 months (mean time since loss 7.3 ± 4.0 weeks; this time period is referred to as
acute grief hereafter) were screened for absence of past or current Axis I psychiatric disorders
by the Structured Clinical Interview for DSM-IV Axis I Disorders (SCID-I). Mood over the
preceding week was assessed with the Beck Depression Inventory (35) (mean 3.5 ± 3.4, range
0–16). Grief intensity was measured by the Texas Revised Inventory of Grief (TRIG), a 20-
item questionnaire in which low scores indicate high grief on a 0 to 84 scale (36) (mean 42.9
± 14.1, range 0–64). Two cognitive predictors of grief outcome, intrusive and avoidant
thoughts, were measured with the Impact of Event Scale-Revised (IES-R) (avoidance 5.8 ±
5.5, range 0 -17; intrusion 10.9 ± 6.6, range 1-22) (37).

Experimental Tasks
We exposed subjects to two levels of deceased-related attentional load. The low-load condition
was an Emotional Stroop task in which subjects named the ink color of previously identified
words reminding them either of the deceased or their house, a method allowing control of
personal familiarity. Intrinsically emotional words were excluded (e.g., “dog” was allowed but
“friend” was not). Sixteen words in each category were matched by length. Blocks of control
words alternated with deceased word blocks in an ABABABAB pattern without inter-block
intervals, 30 sec per block, following an established paradigm (38) (Figure 1). Order was
counterbalanced across subjects. Within each block, 20 randomly selected words were shown
for 1500 msec, without fixation, in blue, red, yellow, or green. Subjects were instructed to
indicate ink color by button press “as quickly and accurately as possible.” Words remained on
the screen for the entire 1500-msec period to ensure equal visual exposure to both word
categories. To reduce practice effects, subjects completed four pretask color Stroop blocks.
Stimuli were presented using E-Prime software (Psychology Software Tools, Inc., Pittsburgh,
Pennsylvania) (39) on a rear projection screen viewed using a mirror suspended from the head
coil birdcage.

For the high-load condition, immediately following the ES task, subjects underwent 8 minutes
40 seconds of deceased memories, five of them living (e.g., “imagine walking with Rover”)
and five of them dying (“imagine telling Rover goodbye”). To ensure ecological validity,
subjects were instructed to “allow any emotions that occur to arise naturally,” rather than to
purposely maximize mood. The original study design called for a control period in which
subjects imagined their house rather than their pet, but the first six subjects spontaneously
imagined their pet in the house and became emotional; sadness levels were not statistically
different from the pet-only subjects (pet = 8.1 ± 2.6/10 versus house = 5.5 ± 3.3/10), and all
20 subjects were included in a between-subjects analysis. As in previous studies of grief (8,
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10), mood ratings occurred after the task. Subjects were asked to identify emotions experienced
during each of the 10 memories and rate peak intensity on a 0 to 10 Likert scale.

Image Acquisition
Images were acquired on a GE 1.5-T scanner (General Electric Medical Systems, Milwaukee,
Wisconsin) parallel to the anterior commissure-posterior commissure (AC-PC) line with a T2*-
weighted echoplanar imaging (EPI) sequence of 32 contiguous slices (repetition time [TR] =
3000 msec, echo time [TE] = 40 msec, flip angle = 60, field of view [FOV] = 192 × 192 mm,
array size 64 × 64) of 3 mm thickness and 3 × 3 in-plane resolution. Structural images were
acquired with a T1-weighted spoiled gradient recalled (SPGR) sequence (TR = 19 msec, TE
= 6 msec, flip angle = 20, FOV = 256 mm) recording 186 slices at a slice thickness of 1 mm
and in-plane resolution of 1 × 1 mm.

Behavioral Data Analysis
SPSS (SPSS, Chicago, Illinois) (35) was used to calculate reaction times (RTs) for correct
trials with RTs > 200 msec. A paired t test examined whether RTs were significantly longer
for deceased versus control words. Attentional (RT) bias was calculated as (RT for deceased-
related words - RT for control words)/(RT for control words) following standard methods
(40). A two-tailed Pearson's correlation coefficient was calculated for the correlation of RT
bias and intrusiveness and post hoc for RT bias and intrusiveness controlling for TRIG.

Image Data Analysis
Individual fMRI Data—All preprocessing and statistical analyses used FSL 4.0
(http://www.fmrib.ox.ac.uk/fsl) (34). Images were motion corrected (41) (mean relative
displacement = .04 ± .3 mm; range .03–.09 mm; mean absolute displacement = .23 ± .1 mm;
range .1–.39 mm) and intensity normalized using a mean-based approach (four-dimensional
grand mean scaling ensuring comparability between subjects at the group level). Functional
data were slice-time corrected and spatially realigned to the first volume. The structural scan
was coregistered to the functional images, and transformation parameters were calculated for
spatial warping to the Montreal Neurological Institute (MNI) template brain (resampled voxel
size: 2 mm3). Normalized functional images were spatially smoothed with a 9-mm3 kernel.
The first two volumes (6 seconds) of each run were discarded prior to building and estimating
the statistical models. Data were high-pass filtered (Gaussian-weighted least squares straight-
line fitting, with sigma = 100 sec). Preprocessed images were entered into a multiple linear
regression analysis with a single regressor representing the duration of deceased word blocks,
convolved with a canonical double-gamma hemodynamic response function (HRF).

Group fMRI Data—At the whole-brain level, RT bias was used as a covariate in the general
linear model (GLM) to explain differences in blood oxygenation level-dependent (BOLD)
signal between the deceased and neutral conditions. Results were voxel thresholded at p < .01,
cluster size thresholded at p < .01; in a post hoc analysis, common activations to deceased
words were voxel thresholded at p < .01, cluster size thresholded at p < .05. Regions of interest
(ROIs) used for salience-processing (amygdala) and attentional control regions (DLPFC) were
based on results of the whole-brain analysis above, as well dorsal and rostral anterior cingulate
cortex (ACC) identified in previous work in our laboratory (22). Masks were adapted from the
Harvard-Oxford cortical and subcortical atlases (34). In the first analysis, intrusiveness and
avoidance scores, and in the second analysis, the top two reported emotions, sadness and
yearning/missing, were entered simultaneously as covariates into the GLM with differences in
BOLD as the dependent variable. Region of interest data were resel (small volume) corrected
at p < .05 following FSL protocol (42). All peak coordinates reported in the results section are
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given in xyz format in Talairach and Tournoux space (43). Figures show clusters in MNI-152
space.

Task-Dependent Functional Connectivity
Time series were detrended using a high-pass filter using Gaussian-weighted least squares
straight-line fit with sigma = 100 sec. Autocorrelation was controlled with prewhitening using
FILM. Time series were intensity normalized using grand mean scaling, as in previous
functional connectivity studies using FSL (44,45). Motion correction was applied using
MCFLIRT, and nuisance motion parameters were removed using ordinary least squares (OLS)
regression. Mean time series were extracted using binarized cluster activation maps from the
previous ROI analyses. Multiple methods currently exist for assessing functional connectivity
(FC) (46). We employed a novel method that allowed us to examine differences in connectivity
between neutral and deceased words. Each time series was segmented into blocks
corresponding to the affect and neutral conditions of the experiment. Blocks were then
demeaned and affect and neutral blocks concatenated to create separate time series for these
two conditions. This allowed us to calculate the functional connectivity during each of the two
conditions, as well as the change in connectivity between conditions. To ensure that spikes/
shifts did not occur at the transition points between blocks, we measured the difference score
between each pair of consecutive time points, calculated the mean difference score and standard
deviation, and then determined the number of standard deviations above the mean for the three
transition-point pairs. None of the five ROIs demonstrated a change in activity > 1.07 Z scores
and therefore spikes were not deemed to be present. Pearson's correlation coefficients were
calculated separately for deceased and neutral blocks for the control region-amygdala ROI
pairs. Correlation coefficients were converted to normally distributed Z scores, neutral
subtracted from deceased blocks, and the difference score was determined. Task-dependent
functional connectivity (TDFC) was determined by calculating the Pearson's correlation
coefficient for the behavioral measures of interest with the Z score of the FC between the two
ROIs.

Results
Attentional Bias Toward the Deceased

Behavioral Results—Subjects demonstrated significant RT bias toward deceased versus
control words (deceased mean = 881 ± 142, neutral mean = 832 ± 131; mean difference 48.7
± 58 msec; 95% confidence interval [CI] = 21.4–75.9; t = 3.8; df = 19; p = .001). Subjects made
more errors during the deceased word trials (deceased mean = 14 ± 10, neutral mean = 10.4 ±
7.3; mean difference 3.6 ± 6.6; 95% CI = .45–6.7; t = 2.4; df = 19, p = .027).

Imaging Results—Attentional bias toward deceased words correlated with activity in right
amygdala, centered on the ventral portion [xyz = 26 −10 −8; Z = 3.22; p < .01], right insula
[xyz = 30 10 8; Z = 3.18; p < .01], right inferior frontal gyrus, referred to as dorsolateral
prefrontal cortex (DLPFC) [xyz = 37 17 20; Z = 3.38; xyz = 35 23 20; Z = 3.27; xyz = 49 25
13; Z = 3.24; p <.01], left middle temporal gyrus [xyz = −44 −28 −2; Z = 4.03; p < .01] left
superior temporal gyrus [xyz = −46 −36 3; Z = 3.81; p < .01], bilateral angular gyrus [left xyz
= −46 −54 14; Z = 3.57; right xyz = 52 −51 13; Z = 3.71; p < .01], left supramarginal gyrus
[xyz = −58 −43 28, Z = 4.46 p < .01], and left lateral superior occipital pole [xyz = −39 −85
16; Z = 3.76; xyz = −22 −87 18; Z = 3.73; xyz = −31 −83 22; Z = 3.64; p < .01] (Table 1; Figure
2). No deactivations were noted. Common activations to deceased words are listed in Table
S1 in the Supplement 1.
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Attention and Grief Style
Behavioral Results—Intrusiveness (IES-R, intrusiveness) correlated with total grief
(TRIG) (r = .863; p < .000; n = 20) (Figure S1 in Supplement 1). Avoidance, intrusiveness,
and overall grief severity did not correlate with attentional bias. Intrusiveness controlled for
TRIG correlated with attentional bias toward deceased-related words (r = .585; n = 20; p < .
007; n = 20) (Figure S1 in Supplement 1).

Imaging Results—In a double dissociation, avoidance correlated with bilateral dorsal
amygdala deactivation to deceased-related words [left xyz = −21 −13 −8; Z = 2.78; right xyz
= 17 −1 −14; Z = 2.50; p < .05] while intrusiveness correlated with bilateral ventral amygdala
activation [left xyz = −27 −16 −19; Z = 2.43; right xyz = 28 −7 −20; Z = 3.11; p < .05] (Table
2, Figure 3). Avoidance and intrusiveness showed a double dissociation with activity in control
regions. Avoidance correlated with deactivation to deceased-related words in bilateral middle
frontal gyrus, referred to as DLPFC [left xyz = −52 11 35; Z = 3.75; p < .05; right xyz = 50 12
37; Z = 3.72; p < .05]; intrusiveness correlated with activation in midline rACC extending to
both hemispheres but with peak activity on the right [right xyz = 3 34 2; Z = 2.48; p < .05]. No
dACC activity was detected.

Mood Induction
Behavioral Results—During mood induction, subjects reported vivid imagery of the
deceased, and the strongest emotions induced were sadness (7.3 ± 3.0, range 0–10) and
yearning/missing (6.4 ± 3.2, range 0–10). Sadness and yearning were correlated (r = .519; p
= .023). Attentional bias did not predict the intensity of any emotion.

Imaging Results—Amygdala activity during the ES task predicted the induced levels of
sadness, but not yearning, during the autobiographical memory task (left xyz = −27 −6 −19;
Z = 2.03; right xyz = 30 −5 −16; Z = 2.35; p < .05 corrected) (Table 3). No other ROI predicted
induced emotion.

Neural Circuitry and Psychological Processes
There was a double dissociation between regulatory region and type of task-dependant FC with
amygdala. Attentional bias, but not induced emotions, negatively correlated with the change
in FC between neutral and affect blocks in left DLPFC-left amygdala (left r = −.504, p = .028;
right r = −.300; p = ns) (Figure 4A). Conversely, sadness and yearning/missing, but not
attentional bias, correlated with the FC change between rACC-left amygdala (r = −.696 p = .
001) and trending towards rACC-right amygdala (r = −.430 p = .066) (Figure 4A). Grief (TRIG,
IES-R) and depression (Beck Depression Inventory) scores did not predict FC.

To explore the basis for the change in connectivity, attention and emotion measures were
correlated independently with the FC during deceased blocks and the FC during neutral blocks
(Figure 4B). For the ROI pair of DLPFC-amygdala, attentional bias correlated with FC during
deceased blocks but not control blocks in the left hemisphere. Specifically, subjects with greater
levels of attentional control (less attentional bias) demonstrated greater FC than those with less
control (left r = −.571, p = .011; right r = −.429, p = .067) during the deceased word but not
neutral blocks. In the rACC-amygdala pair, FC was lowest in those who subsequently reported
high levels of sadness and yearning during deceased-word but not neutral blocks (left r = −.
589, p = .008; right r = −.441, p = ns).

These findings indicate that subjects with greater attentional control and decreased sadness
demonstrated higher functional connectivity between regulatory regions and the amygdala,
relative to subjects who had greater grief symptomatology. This appears to drive the change
scores reported in Figure 4A. Paired t tests did not reveal a group level FC difference between
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the neutral and deceased blocks. Descriptive statistics of the FC data are given in Table S2 in
Supplement 1.

Discussion
This is the first study to examine the neural correlates of three cardinal symptoms of acute grief
(grief occurring within 3 months of a loss). We found that unique patterns of brain activity
indexed attention toward reminders of the deceased, grief styles involving distinct cognitive
strategies for coping with thoughts of the deceased, and sadness and yearning induced by
memories of the deceased.

In the incentive salience model of grief (7), excessive attention toward an unavailable
attachment figure is hypothesized to maintain grief's core symptoms. Consistent with this
hypothesis, we found that bereaved subjects pay more attention to deceased-related than control
words and do so in proportion to ratings of intrusive thoughts. This finding extends to
bereavement results from the attachment literature in which nonbereaved subjects demonstrate
attentional bias toward subliminal threats of interpersonal loss (47) and follows standard
interpretations of the ES task (13,48-51). Of note, because intrinsically emotional words were
excluded (e.g., “dog” was permitted but “friend” was not), we interpret attentional bias as
reflecting the mourner's current concerns about the deceased (12) and salience valuations of
the concept of the deceased (12,13), rather than their evaluation of intrinsic word meaning.

Variation in attentional bias was used to identify brain regions involved in deceased-related
processing, including amygdala, insula, and temporoparietal regions (Figure 2). As
hypothesized, these are salience encoding and prefrontal regulatory regions. Amygdala activity
is consistent with a role in detecting separation from caregivers and symptoms of separation
distress (20,21). The insula has direct connections to the amygdala (52), and in other disorders
of salience processing, it correlates with attentional bias toward reminders of the unattainable
reward (53). The temporal and parietal regions activated here contribute to representations of
self and others (54-56) but a more conservative interpretation emphasizes their role in detecting
word salience (57-61). This finding may help to explain the clinical experience of grief, in
which reminders of the deceased are experienced as particularly meaningful (62).

Next, we examined whether variation in two cognitive symptoms of grief, intrusiveness and
avoidance, correlated with differential activity in amygdala and prefrontal regulatory regions.
These two grief styles are clinically distinct, with avoidant patients rarely presenting for
therapy, while those with intrusive experiences often requiring treatment and often going on
to develop complicated grief (4-6). We expected that the more emotionally distressing style,
intrusiveness, would correlate with amygdalar hyperactivity and control region hypoactivity.

Amygdalar results were consistent with the hypothesis. In a single ROI, we found a double
dissociation between dorsal and ventral subregions and grief style (Figure 3). Avoidance
correlated with dorsal amygdala dampening while intrusiveness correlated with ventral
amygdala activation. Results are consistent with a model in which the amygdala is sensitive
to reminders of loss, while intrusiveness and avoidance respectively represent “top down” and
“bottom up” processes that modulate this amygdala reactivity. This is consistent with previous
work in which ventral amygdala activity correlates with exposure to unconscious (bottom up)
stimuli and dorsal amygdala activations correlate to conscious (top down) stimuli (24).

Regulatory region and grief style demonstrated a double dissociation (Figure 3), inverse to the
hypothesized pattern. The finding that rACC activation covaries with amygdala activity is
consistent with a role for this region in monitoring and contextualizing salience detection
activity in amygdala (14,15,28-30). Future research should seek to explain the finding of
DLPFC deactivation covarying with avoidance by examining whether stimulus dampening at
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an earlier stage of processing, downregulation of salience earlier in bereavement, or decreased
baseline attachment cause dampened DLPFC activity.

The third major grief symptom examined was emotional responses to memories of the
deceased. Although epidemiological data indicate yearning is the primary emotional symptom
in grief, clinical data emphasize sadness as the most common peak emotion (63). Consistent
with this, sadness was the strongest emotion elicited by memories of the deceased, followed
by yearning/missing.

Consistent with the hypothesis that amygdala is implicated in sad emotion related to attachment
loss (14,15), we found that bilateral amygdalar activity, but not rACC or DLPFC activity,
predicted peak levels of subsequent sadness (Table 3).

We found support for a model in which the rACC and other medial prefrontal structures monitor
(29) and contextualize (2) information processing in the amygdala, a process that may affect
the expression of grief related emotion. Figure 4B depicts a trend from high functional
connectivity toward zero FC between rACC and amaygala, as sadness intensity increased. Low
connectivity scores between rACC and amygdala may indicate low levels of contextualization,
thereby releasing amygdala reactivity, while higher levels of contextualization may indicate
improved emotion regulation capacity during mood induction. This hypothesis must be tested
in designs in which rACC-amygdala functional connectivity during low-load exposure is
correlated with functional connectivity between control regions and the amygdala during
explicit efforts to reduce sadness during mood provocation.

We also found evidence supporting a role for the DLPFC in maintaining attentional set on tasks
unrelated to grief in the presence of grief-related distractors, a problem seen during clinical
grief. DLPFC-amygdala functional connectivity negatively covaried with attentional bias
towards deceased words (26). This is consistent with recent functional connectivity evidence
from an fMRI time-series analysis that shows that DLPFC activity is coupled with amygdala
activity during cognitive tasks in normal, relative to depressed, subjects (64).

The study had several limitations. Its aim was to understand variation in grief responses and
therefore employed a between-subjects and not a between-group design, as in several previous
studies of grief (10,65,66). The small number of male subjects makes gender comparisons
unreliable. Future studies with larger sample sizes may permit exploration of the important
question of male and female subject differences. The finding that differences in rACC-
amygdala FC predicted subsequent grief-related emotion is not itself evidence of regulatory
deficiencies during the emotion but can be used to guide future hypotheses.

Conclusions
This study found evidence consistent with the previously untested hypothesis that the
amygdala, a brain region implicated in separation distress in primates (21) may contribute to
separation distress reactions following exposure to reminders of a deceased attachment during
acute human bereavement. Further, consistent with findings of deficits in prefrontal control
over amygdala in affective disorders (22-27), we found that variation in prefrontal activity and
functional connectivity with amygdala predicted variation in grief-related symptoms. These
results support a model in which the amygdala mediates core attentional and emotional
symptoms of separation distress, including sadness, while two prefrontal regions, DLPFC and
rACC, modulate attentional and emotional aspects of amygdala reactivity, respectively.
Findings have implications for the study and treatment of grief-related psychopathology.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Task design. In the Emotional Stroop (ES) task, subjects viewed four blocks of control words
alternating with four blocks of deceased-related words. Each word was presented for 1500
msec. Deceased-related stimuli consisted of 16 randomly ordered nonemotional words that
reminded subjects of their pet (e.g., “dog” not “friend”); 16 control words reminded subjects
of their house (e.g., “bathroom” not “comfortable”). Subjects were told to ignore the semantic
content of words and respond as quickly and accurately as possible regarding ink color.
Following the ES task, subjects underwent 8 minutes 40 seconds of mood induction, as
described in the text. ES, Emotional Stroop task.
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Figure 2.
Neural correlates of attentional bias in grief. On the y axis (left panel) the reaction time (RT)
bias is plotted. It was calculated as the mean response time (RT) to deceased words minus mean
response to control words, excluding error trials. The x axis represents each subject's relative
rank by magnitude of bias. Response time bias was used to identify brain regions mediating
attention toward the deceased (right panel). Implicated regions included the right insula, right
amygdala, left angular gyrus, superior temporal gyrus, supramarginal gyrus, dorsolateral
prefrontal cortex (DLPFC), and occipital cortex (voxel threshold p < .01; cluster threshold p
< .01). Coordinates and Z scores are shown in Table 1. DLPFC, dorsolateral prefrontal cortex;
RT, reaction time.
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Figure 3.
Neural correlates of cognitive grief style. Avoidance and intrusiveness were entered
simultaneously as covariates into the GLM with differences in BOLD as the dependent
variable. Regions of interest (ROI) were amygdala (left and right, separately), rostral anterior
cingulate cortex (rACC), dorsal ACC (dACC), and dorsolateral prefrontal cortex (DLPFC).
Within both the amygdala ROIs, intrusiveness correlated with activation (red) of ventral
amygdala, while avoidance correlated with deactivation (blue) of dorsal amygdala. In the
control regions, rACC activation correlated with intrusiveness, while DLPFC deactivation
correlated with avoidance. Dorsal ACC was not correlated with either measure (p < .05,
corrected). Coordinates and Z scores are shown in Table 1. ACC, anterior cingulate cortex;
BOLD, blood oxygenation level-dependent; GLM, general linear model.
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Figure 4.
Task dependent functional connectivity (TDFC) in grief. (A) TDFC was determined by
calculating the Pearson's correlation coefficient for attentional and emotional measures of
interest with the z score of the change in functional connectivity between neutral and affect
blocks. In the ROI pair of left DLPFC-left amygdala, attentional (RT) bias to deceased words,
but not emotion, negatively correlated with the change in functional connectivity (FC) (r = −.
504, p = .028). In the ROI pair rACC-left amygdala, sadness (and yearning, not shown), but
not attention, correlated with the change in FC (r = −.696, p = .001). (B) To examine the basis
for the results in (A), TDFC was examined for deceased-word and control-word blocks
separately. Subjects with greater levels of attentional control (as indicated by decreased
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attentional bias) demonstrated greater FC between left DLPFC and left amygdala than those
with lower control during the deceased word blocks (r = .571, p = .011) (top left), but not
neutral blocks (bottom left). In the rACC-left amygdala pair, FC was lowest in those who
subsequently reported high levels of sadness during deceased-word (top right) but not neutral
(bottom right) blocks (r = −.589, p = .008). The x axes represent attentional bias as percent
increase to deceased versus control words (left) and peak sadness (right). The y axes represent
the correlation coefficient for FC between left DLPFC-left amygdala (left) and rACC-left
amygdala (right). DLPFC, dorsolateral prefrontal cortex; FC, functional connectivity; rACC,
rostral anterior cingulate cortex; ROI, regions of interest; RT, reaction time; TDFC, task
dependent functional connectivity.

Freed et al. Page 17

Biol Psychiatry. Author manuscript; available in PMC 2009 November 25.

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

Freed et al. Page 18

Table 1

Neural Activity Correlating with Attentional Bias Toward Deceased-Related Words

T&T Coordinates

Regions (activation) Z Score x y z

Supramarginal Gyrus, Posterior (left) 4.46 −58 −43 28
Middle Temporal Gyrus, Posterior (left) 4.03 −44 −28 −2
Superior Temporal Gyrus, Posterior (left) 3.81 −46 −36 3
Lateral Occipital Cortex, Superior (left) 3.76 −39 −85 16
Lateral Occipital Cortex, Superior (left) 3.73 −22 −87 18
Lateral Occipital Cortex, Superior (left) 3.64 −31 −83 22
Angular Gyrus (left) 3.57 −46 −54 14
Angular Gyrus (right) 3.71 52 −51 13
Inferior Frontal Gyrus (right) 3.38 37 17 20
Inferior Frontal Gyrus (right) 3.27 35 23 20
Inferior Frontal Gyrus (right) 3.24 49 25 13
Amygdala, Ventral (right) 3.22 26 −10 −8
Insula (right) 3.18 30 10 8

Whole-brain analysis, voxel p < .01, cluster p <.01, corrected. Local maxima reported.

T&T, Talairach and Tournoux.
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Table 2

Activity Correlating with Intrusiveness and Avoidance

T&T Coordinates

Z Score x y z

Avoidance (deactivations)
 Amygdala, dorsal (left) 2.78 −21 −13 −8
 Amygdala, dorsal (right) 2.50 17 −1 −14
 Middle frontal gyrus, BA44 (left) 3.75 −52 11 35
 Middle frontal gyrus, BA44 (right) 3.72 50 12 37
Intrusiveness (activations)
 Amygdala, ventral (left) 2.43 −27 −16 −19
 Amygdala, ventral (right) 3.11 28 −7 −20
 Cingulate gyrus, rostral anterior (right) 2.48 3 34 2

ROI analyses of DLPFC, rACC, and amygdala (p < .05, corrected). Local maxima reported.

BA, Brodmann area; DLPFC, dorsolateral prefrontal cortex; rACC, rostral anterior cingulate cortex; ROI, region of interest; T&T, Talairach and Tour-
noux.
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Table 3

Baseline Activity Predicting Sadness During Memory Task

T&T Coordinates

Sadness Z Score x y z

Amygdala (left) 2.03 −27 −6 −19
Amygdala (right) 2.35 30 −5 −16

ROI analyses (p < .05, corrected). Local maxima reported.

ROI, region of interest; T&T, Talairach and Tournoux.
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