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Objective: Separation from loved ones
commonly leads to grief reactions. In
some individuals, grief can evolve into a
major depressive episode. The brain re-
gions involved in grief have not been spe-
cifically studied. The authors studied
brain activity in women actively grieving a
recent romantic relationship breakup. It
was hypothesized that while remember-
ing their ex-partner, subjects would have
altered brain activity in regions identified
in sadness imaging studies: the cerebel-
lum, anterior temporal cortex, insula, an-
terior cingulate, and prefrontal cortex.

Method: Nine right-handed women whose
romantic relationship ended within the
preceding 4 months were studied. Sub-
jects were scanned using blood-oxygen-
level-dependent functional magnetic res-
onance imaging while they alternated be-
tween recalling a sad, ruminative thought
about their loved one (grief state) and a
neutral thought about a different person
they knew an equally long time.

Results: Acute grief (grief minus neutral
state) was associated with increased
group activity in posterior brain regions,
including the cerebellum, posterior brain-
stem, and posterior temporoparietal and

occipital brain regions. Decreased activity
was more prominent anteriorly and on
the left and included the anterior brain-
stem, thalamus, striatum, temporal cor-
tex, insula, and dorsal and ventral ante-
rior cingulate/prefrontal cortex. When a
more lenient statistical threshold for re-
gions of interest was used, additional
increases were found in the lateral tem-
poral cortex, supragenual anterior cingu-
late/medial prefrontal cortex, and right
inferomedial dorsolateral prefrontal cor-
tex, all of which were adjacent to spatially
more prominent decreases. In nearly all
brain regions showing brain activity de-
creases with acute grief, activity decreases
were greater in women reporting higher
grief levels over the past 2 weeks.

Conclusions: During acute grief, subjects
showed brain activity changes in the cere-
bellum, anterior temporal cortex, insula,
anterior cingulate, and prefrontal cortex,
consistent with the hypothesis. Subjects
with greater baseline grief showed greater
decreases in all these regions except for
the cerebellum. Further imaging studies
are needed to understand the relation-
ship between normal sadness, grief, and
depression.

(Am J Psychiatry 2004; 161:2245-2256)

r]?he relationship between normal sadness, grief, and
clinical depression is complex. Although one might expect
some shared neurocircuitry, these three states are distinct
both in intensity and quality of emotional experience.
Normal sadness is a triggered, self-limited emotional con-
dition. Grief triggered by a loss or separation from a loved
one is generally more prolonged and frequently involves
depressive-type symptoms lasting from days to several
months. With grief, many people experience depressive-
type symptoms and then recover. However, grief is a major
risk factor for clinical depression, so some unresolved
grief episodes spiral into a true clinical depression (1-3).
Whether grief is purely a precursor of depression or has a
different quality needs further research. Of interest is that
DSM-1V differentiates between depressive symptoms re-
lated to bereavement (V62.82) and major depressive dis-
order (296.xx), most prominently in the duration of post-
loss symptoms needed to meet major depression criteria.
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In the brain, depression may result from a malfunction-
ing in the normal circuitry for handling sadness, separa-
tion, and grief. Using ['®O]H,0 positron emission tomog-
raphy (PET), several researchers have attempted to image
brain correlates of sadness—both in healthy and patho-
logical states—using an autobiographical event to induce
the sadness (4-13). No researchers have explicitly ad-
dressed grief as the cause of sadness. Typically, before the
scanning day, subjects provide details about the saddest
event in their lives and an emotionally neutral event as a
control condition. During scanning, subjects imagine
these sad and neutral events, often with the aid of pre-
pared scripts of the events to induce the mood. It is not
surprising that most subjects, but not all, chose an episode
of the loss of a loved one for the sad event (4, 7, 8, 10). Un-
fortunately, all of these studies suffer from the “as if” na-
ture of the sadness. Namely, the sad event typically oc-
curred years before the study, and although subjects
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commonly reported feeling sad during the scans, they
used remote memories to induce the sad state.

In order to improve on these earlier studies and to ex-
amine the brain regions involved in grief while subjects
were actually grieving, we imaged women who were cur-
rently grieving the loss of a romantic relationship and who
were reporting that they were having trouble getting it out
of their minds (i.e., “ruminating”). We picked ruminating
subjects because a ruminative way of coping with loss is a
known risk factor for major depression (14, 15). We se-
lected women because there may be gender differences in
the brain correlates of sadness (16). Also, women generally
have higher levels of chronic strain and rumination with
breakups than men do (17). In our study, we compared
regional brain activity while women were thinking sad
thoughts about their romantic relationship breakup as
they would at home versus thinking a neutral thought
about a different person known for an equally long time.
We hypothesized that when comparing these two condi-
tions, subjects would have altered brain activity in regions
identified in earlier sadness imaging studies, including the
cerebellum, anterior temporal cortex, insula, anterior cin-
gulate, medial prefrontal cortex, orbitofrontal cortex, and
dorsolateral prefrontal cortex (7, 8, 12, 18-20).

Method

Baseline Assessment

Eleven right-handed women were recruited by advertisement
at the Medical University of South Carolina. Subjects were ini-
tially phone-screened. Eligible subjects came to the Medical Uni-
versity of South Carolina for a baseline assessment. Subjects had
to be aged 18-40, premenopausal, right-handed (=9 on the Annett
handedness scale) (21), and physically and neurologically
healthy. Subjects had to have beeen in a romantic relationship
that lasted at least 6 months and did not involve physical or sex-
ual abuse. Subjects had been separated from their romantic part-
ner within the preceding 16 weeks and were experiencing prob-
lems recovering from the relationship (i.e., problems getting their
ex-lover out of their mind, still feeling sad about the breakup).
Subjects were excluded if they were in the midst of a major de-
pressive, dysthymic, or panic disorder episode that started before
the relationship failing. They were also excluded if they had cur-
rent substance abuse/dependence or any history of psychosis, bi-
polar affective disorder, obsessive-compulsive disorder, autism,
anorexia nervosa, bulimia, posttraumatic stress disorder, mental
retardation, or a suicide attempt. Subjects were further excluded
if they had taken any psychotropic medication within 5 half lives
of procedure time, were lactating or pregnant, or had magnetic
resonance imaging (MRI) contraindications.

The Medical University of South Carolina Institutional Review
Board approved the study. Written informed consent was ob-
tained. Subjects were assessed with the Structured Clinical Inter-
view for DSM-IV Axis I Disorders (22) and underwent a detailed
medical history and a urine pregnancy test. They also completed
the Hamilton Anxiety Rating Scale (23), the 28-item Hamilton De-
pression Rating Scale (24), Beck Depression Inventory (25),
Cloninger’s Temperament and Character Inventory (26), and a
modified version of the Inventory of Complicated Grief (27). The
19-item Inventory of Complicated Grief questionnaire was origi-
nally developed to detect people undergoing bereavement and
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who were at risk for developing clinical depression or an enduring
functional impairment (scale range=0-76, with a score >25 indi-
cating complicated grief). [tems consist of statements like: “I feel
disbelief over what happened,” “I feel that life is empty without
the person who died” or “Ever since he/she died, it is hard for me
to trust people.” We modified the questionnaire so that it was
more appropriate for a recent breakup. That is, we replaced
phrases such as “the person who died” and “since he/she died”
with “the person whom I have lost” and “since I lost the person” in
the above items, respectively. Items were rated on a 5-point Likert
scale from 0 (never feeling this way) to 4 (always feeling this way).

After completing scales, subjects described a sad thought
about their ex-lover on which they had been ruminating and a
neutral thought about a different person they knew a similar
length of time.

MRI Scanning Parameters

All brain imaging was carried out at the Medical University of
South Carolina on a 1.5-Tesla Picker EDGE system (Picker Inter-
national, Cleveland, Ohio; now owned by Philips Medical, the
Netherlands). Blood-oxygen-level-dependent (BOLD) functional
MRI (fMRI) consisted of an asymmetric spin-echo echo-planar
pulse sequence (TE=45 msec; TR=6000 msec; echo offset: 20
msec; field of view=30.0x30.0 cm; 128x128 matrix; in-plane reso-
lution: 2.344x2.344 mm,; through-plane resolution: 7 mm). Whole
brain fMRI images were acquired every 6 seconds, where images
consisted of 18 axial slices parallel to the anterior commissure-
posterior commissure line. In all, 180 fMRI images (i.e., time
points) were acquired over 18 minutes.

fMRI Experimental Paradigm

Immediately prior to MRI scanning, subjects completed the
Positive and Negative Affect Schedule (28) measuring positive
and negative emotion. Subjects were then positioned in the scan-
ner with anti-noise headphones without additional earplugs for
intercom communication with investigators. Head movement
was restrained by using inflatable cushions. During the 18-
minute BOLD fMRI session, subjects underwent the following 4-
minute cycle, which was repeated 4.5 times: ratings and instruc-
tions for 60 seconds (rest) — neutral thought for 60 seconds —
rest — sad, ruminative thought for 60 seconds. Subjects were in-
structed to keep their eyes closed throughout. During approxi-
mately the first 20 seconds of rest, subjects verbally told investiga-
tors their levels of sadness, anger, anxiety, and happiness over the
preceding 60 seconds on a 0-10 Likert scale. At about 42 seconds
into rest, subjects were instructed to think about their sad or neu-
tral thought until the upcoming ruminative thought or neutral
thought period ended. After completing the fMRI scan, subjects
again completed the Positive and Negative Affect Schedule, this
time rating their average emotional reactions retrospectively dur-
ing the ruminative thought and neutral thought conditions. On
10-cm visual analog scales, they also rated the extent to which
they felt distracted by the scanning environment (0=not atall, 10=
very much), how difficult it was for them to induce the sad and
neutral thoughts (0=very easy, 10=very difficult), and how well
their sad ruminations in the scanner matched the corresponding
state outside the scanner (O=totally different, 10=exactly the
same).

Data Analysis

We performed all imaging data analysis on Sun SPARCstation
workstations (Sun Microsystems Inc., Mountain View, Calif.) us-
ing MEDx 3.3/SPM 96 (Sensor Systems Inc., Sterling, Va.) (29). We
statistically compared fMRI brain activity during ruminative
thought versus neutral thought in each subject by using the fol-
lowing steps.
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For motion correction, we used automatic image registration
with a two-dimensional rigid body six-parameter model (30).
After motion correction, all subjects displayed average move-
ments of 0.10 mm (SD=0.09), 0.13 mm (SD=0.1), and 0.14 mm
(SD=0.11) in x, y, and z directions, respectively. Residual
movement in the x, y, and z planes corresponding to each
scan were saved for use as regressors of no interest (con-
founders) in the statistical analyses.

Spatial normalization was performed to transform scans
into Talairach space with output voxel dimensions that
were the same as the original acquisition dimensions,
namely 2.344x2.344x7 mm.

Spatial smoothing was done using a Gaussian kernel and full
width at half maximum of 8x8x8 mm.

Temporal filtering was done using a Butterworth low-fre-
quency filter that removed fMRI intensity patterns greater
than 1.5 multiplied by the cycle length’s period (360 seconds).
Only scans that corresponded to a neutral thought or rumi-
native thought were kept in the remaining analysis. Remov-
ing the rest scans from the scan sequence left us with 90
scans, 50 scans corresponding to a neutral thought and 40
scans corresponding to a ruminative thought.

Intensity masking was performed by generating the mean in-
tensity image for the time series and determining an intensity
that clearly divided high- and low-intensity voxels, which we
called inside and outside the brain, respectively.

For individual statistical modeling, we used the multiple re-
gression module of MEDx and a simple boxcar function with
no hemodynamic lag to model the ruminative thought versus
neutral thought scan paradigm (regressor of interest) and the
three motion parameters corresponding to the appropriate
scans for modeling effects of no interest. No lag was used as
subjects started thinking neutral and ruminative thoughts
around 18 seconds prior to neutral thought and ruminative
thought. A brain voxel’s parameter estimate and correspond-
ing z score for the ruminative thought versus neutral thought
regressor was then used for subsequent analysis.

We then made a group intensity mask by considering only
voxels present in the brains of all subjects as inside the brain.
We generated group statistical data by using a random effects
analysis and then a cluster analysis. Each subject’s parameter
estimate for the ruminative thought versus neutral thought
regressor was then combined by using a random effects anal-
ysis to create group z maps for ruminative thought minus
neutral thought (increases) and neutral thought minus rumi-
native thought (decreases). On these group z maps, we then
performed a cluster analysis (31) within the region encom-
passed by the group intensity mask using a z score height
threshold of 21.654 and a cluster statistical weight (spatial ex-
tent threshold) of p<0.05 or, equivalently, a cluster size of 274
voxels. We additionally found local maxima on these group
cluster maps. For regions of interest, we additionally looked
at activations using more lenient thresholding (z>1.654, clus-
ter size of 10).

We generated group statistical data by first using Worsley’s
variance smoothing technique to generate a group z map and
then using a cluster analysis. With the small number of sub-
jects in our study, a random effects analysis (which uses be-
tween-subject variances) is specific but not sensitive. How-
ever, if we performed a fixed effects analysis (which uses
within-subject variances), it would be a sensitive but not very
specific analysis and vulnerable to false positives potentially
driven by the data of only a few subjects; this is a potentially
major issue in an emotional paradigm that is likely to have a
lot of variability. To see if we could gain additional sensitivity
in our data set, instead of using a fixed effects analysis, we
used Worsley’s variance ratio smoothing method (32, 33),
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which generally has a sensitivity and specificity between ran-
dom and fixed effects analyses. In the variance smoothing
method, random and fixed effects variances as well as spatial
smoothing are used to increase sampling and create a Wors-
ley variance with degrees of freedom between a random and
fixed effects analysis. We used a smoothing kernel of 16 mm,
producing a df of 61 for each voxel in the Worsley method. Af-
ter generating a t map (and corresponding z map) for rumi-
native relative to neutral thought using the Worsley variance,
we performed a cluster analysis on the z map for the rumina-
tive relative to neutral thought comparison using the same
thresholds as in the random effects analyses. Since the Wors-
ley technique did not produce additional activations com-
pared with the random effects analyses, only the random ef-
fects analyses results are presented.

11

—

We then performed a post hoc correlation of individual sub-
ject grief scores with brain activity during ruminative relative
to neutral thought, followed by a cluster analysis. We first
made a subjective judgment that subjects’ scores on the
modified version of the Inventory of Complicated Grief more
closely correlated with their clinical state than did their
Hamilton depression scale scores. Considering each voxel
separately, we then determined the correlation between a
subject’s score on the modified version of the Inventory of
Complicated Grief and her brain voxel’s z score in the rumi-
native thought minus neutral thought regressor from step 7.
We then converted a brain voxel’s correlation value to a p
value and corresponding z score. We then performed a clus-
ter analysis on this correlational z map using our aforemen-
tioned more rigid statistical cutoff (i.e., a z score height
threshold of 21.654 and a cluster statistical weight [spatial ex-
tent threshold] of p<0.05).

Results

Subject Demographics

Usable fMRI data existed on nine of the 11 subjects. On
both excluded subjects, the scanner malfunctioned near
the end of fMRI acquisition. Table 1 lists demographic
characteristics and baseline ratings for the nine included
subjects. We scanned subjects at a median time of 44 days
after the breakup (range=11-126). Depression ratings
showed a large variation, with Hamilton depression scale
and Beck Depression Inventory scores ranging from 0 to
31 and 0 to 40, respectively. All subjects reported clinical
depression symptoms immediately after the breakup, with
most reporting symptoms beginning to taper about 2
weeks later. At the time of study, only one subject met full
major depressive episode criteria, and three had Hamilton
depression scale scores >20.

Eight of the nine subjects completed a grief rating scale:
a modified version of the Inventory of Complicated Grief.
The mean scores of these subjects were within one stan-
dard deviation of the population on which the original In-
ventory of Complicated Grief was developed except for
three items where our subjects displayed lower scores: “I
hear the voice of the person whom I have lost speak to
me,” “I see the person whom I have lost stand before me,”
and “I feel guilty about having fun without the person
whom I have lost.” If we used the Inventory of Compli-
cated Grief’s suggested complicated grief cutoff score
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TABLE 1. Demographic, Clinical, and Relationship Charac-
teristics of Nine Women Actively Grieving the Breakup of a
Romantic Relationship

TABLE 2. Ruminative and Neutral Thoughts Used During
the Imaging Paradigm by Nine Women Actively Grieving
the Breakup of a Romantic Relationship

Category Mean SD
Age (years) 259 5.8
Education (years) 14.4 2.0
Clinical ratings
Hamilton depression scale 12.8 11.5
Hamilton anxiety scale 9.2 7.7
Beck Depression Inventory 11.9 11.8
Modified Grief Inventory? 2938 13.34
Relationship variables
Time since breakup (days) 58 40
Length of relationship (months) 32 28
Number of previous relationships 4.4 1.9
Time spent together during relationship
(hours/day) 43 33

aScore range=0-76; score 225 indicates complicated grief.

(225), four of our eight subjects were complicated grievers.
In our subjects, we found that scores on the modified ver-
sion of the Inventory of Complicated Grief tended to be
positively correlated with Hamilton depression scale
scores (r=0.67, df=6, p=0.073), but when the two subjects
without usable fMRI data were included, a significant pos-
itive correlation emerged (r=0.68, df=8, p<0.03).

The thoughts subjects picked for the ruminative thought
and neutral thought conditions are shown in Table 2. We
compared subjects’ emotions (i.e., sadness, anger, happi-
ness, anxiety) and positive and negative emotion ratings
(from the Positive and Negative Affect Schedule) during ru-
minative thought and neutral thought conditions. To do
this, for each emotion (say sadness), we used a separate
non-parametric test where a subject’s median score for an
emotion during ruminative thought and neutral thought
conditions was first determined. The resulting scores for
the nine subjects were then ranked from 1 to 18, and then
the average rankings for ruminative and neutral thoughts
were compared in a two-tailed paired t test at p<0.05. This
test revealed significantly higher ratings for ruminative
thought relative to neutral thought for sadness (mean dif-
ference=9, SD=3.43) (t=7.87, df=8, p<0.001), anger (mean
difference=9, SD=3.01) (t=8.97, df=8, p<0.001), anxiety
(mean difference=6.78, SD=3.17) (t=6.42, df=8, p<0.001),
and negative emotion (mean difference=6, SD=3.94) (t=
4.57, df=8, p<0.003). Significantly lower ratings were seen
for ruminative thought relative to neutral thought for hap-
piness (mean difference=4.44, SD=4.02) (t=3.31, df=8,
p<0.01). There was no significant difference between rumi-
native thought and neutral thought for positive emotion
(mean difference=2.38, SD=3.62) (t=1.97, df=8, p=0.11). Of
note, all subjects reported experiencing more sadness dur-
ing ruminative thought than neutral thought. Also, sadness
ratings did not habituate during scanning.

On the 10-cm visual analog scale ratings about imaging
task authenticity, subjects reported feeling moderately
distracted by the scanning environment (mean=4.81, SD=
3.27), finding it fairly easy to induce the ruminative and
neutral thoughts (mean=2.92, SD=2.54), and feeling the
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Type of Thought
and Subject Description of Thought
Ruminative thought?
Subject 1 “We spent 7 years together, but this did not
lead to marriage”
Subject 2 “He said, ‘I wish things were different”
Subject 3 “Our mutual dreams—not a shared dream
anymore.”
Subject 4 “Losing him as a boyfriend and as a good
friend.”
Subject 5 “How | miss his smile and his eyes.”
Subject 6 “[ex-partner] going to prom with [another
person].”
Subject 7 “[ex-partner] telling me that it’s not working
out and it’s over.”
Subject 8 “I am alone again—maybe I'll always be.”
Subject 9 “I miss going on the boat and playing on the

beach with [ex-partner].”
Neutral thought?

Subject 1 All the dysfunction in the life of the other
person

Subject 2 Going on a trip with other person

Subject 3 Talking about patients with other person

Subject 4 Being asked to housesit by the other person

Subject 5 Watching TV with the other person

Subject 6 Playing guitar with the other person

Subject 7 Learning how to upgrade appeals from the
other person

Subject 8 “[other person] is a good actor.”

Subject 9 Eating crab legs with the other person

aThe most frequent and intense sad thoughts that the subject had
been having since the relationship breakup.

b Thoughts were about a different person known for an approxi-
mately equal amount of time. Subjects stated that the situation
about which they were thinking had no major positive or negative
content.

ruminative thought condition in the scanner matched the
corresponding state outside the scanner moderately well
(mean=5.21, SD=3.09).

Brain Imaging Results

Group fMRI data are displayed in Table 3, Table 4, and
Figure 1. In our main random effects group analysis, we
used a height threshold of p=0.05 (one-tailed z=1.645) and
cluster probability threshold of p=0.05 (cluster size 2274
voxels). At this threshold, we found one significant poste-
rior cluster (size=921 voxels, p=0.00001) with increased
brain activity during ruminative relative to neutral thought.
This cluster was located in the 1) cerebellum; 2) posterior
pons; 3) posterior temporal cortex (left posterior parahip-
pocampal gyrus/hippocampus, right fusiform gyrus, and
right posterior superolateral temporal cortex); 4) posterior
cingulate; 5) posterior parietal cortex (right posterior infe-
rior parietal cortex and bilateral posterior superior parietal
cortex); and 6) occipital cortex (Table 3).

We found one significant anterior, mainly left lateral-
ized, cluster (size=2730 voxels, p=4.51x10713) with de-
creased brain activity during ruminative relative to neutral
thought. This cluster was located in the 1) anterior brain-
stem (anterior pons and left midbrain/hypothalamus); 2)
left lateral thalamus; 3) striatum (bilateral ventral striatum
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TABLE 3. Regions of Significantly Increased Brain Activity During Ruminative Relative to Neutral Thought in Nine Women

Actively Grieving the Breakup of a Romantic Relationship?

Left Right
Talairach Talairach
Brodmann’s Coordinates 7 Brodmann’s Coordinates 7
Structure Area X y z Score Area X y z Score
Cerebellum -9 -68 -28 208 0 -54 -21 2.50
-16 59 -28 1.88 23 82 -21 211
-7 =77 21 2.52 5 61 0 2.54
-12 45 14 222
-7 =75 -7 334
Brainstem: posterior pons 2 35 -28 252
Posterior temporal lobe?
Parahippocampal gyrus/hippocampus 19/27/30 -16  —40 0 292
Superior/middle temporal gyrus 22/39 40 -52 21 247
Medial occipital gyrus/middle temporal gyrus 19/39 26 -70 28 3.19
Superior temporal gyrus/supramarginal gyrus 39/40 52 49 28 212
Posterior cingulate©
Posterior cingulate gyrus 23/31 -23  -59 7 249 23/31 35 -59 7 298
23/31 -12  -56 14 2.59
23/30/29 -7 45 21 2.73
Posterior cingulate gyrus/precuneus 23/31 -2  -61 21 292 31/18 16 =75 21 2.59
31 -19 45 35 263 31 7 =37 42 2.70
Superior parietal cortex
Precuneus 7 -14 -63 35 276
7 -7 =73 35 225 7/19 12 -63 35 2.83
7 =21 -68 35 219 7/19 16 -80 35 2.43
Paracentral lobule 5 0 -33 49 230
Superior parietal lobule/precuneus 7 -28 -56 49 228 7 21 -59 49  2.62
Occipital cortex
Inferior occipital gyrus/cuneus 18 -26 91 0 201 18 26 91 0 259
Lingual gyrus 18 -9 -84 0 246 18 19 -68 0 2.67
Cuneus 17 -16  -87 7 253 17 12 -84 7 2.85
Middle occipital/fusiform gyrus 19/37 40 -70 -7 243
Middle occipital gyrus/cuneus 18/19 -19 -80 14 271 18/17 19 -75 7 240
Middle occipital gyrus 18 28 77 7 249
18/19 37 =77 7 2.19

2 Ruminative thoughts were the most frequent and intense sad thoughts that the subject had been having since the relationship breakup. Neu-
tral thoughts were about a different person known for an approximately equal amount of time. Subjects stated that the situation about which
they were thinking had no major positive or negative content. Talairach (X, y, z) coordinates, Brodmann’s area, and z score are displayed for

local maxima.
b Extending into the occipital and inferior parietal cortices.
¢ Extending into the occipital and superior parietal cortices.

[ventral putamen/nucleus accumbens region] and bilat-
eral dorsal striatum [dorsal caudate (left > right) and left
putamen]); 4) medial temporal cortex mostly on the left
(left medial temporal cortex with maxima in the dorsal
amygdala, uncus, and parahippocampal gyrus regions)
and right anterior medial temporal cortex (right anterior
amygdala); 5) left lateral temporal cortex (temporal pole as
well as unimodal and heteromodal regions); 6) left insula;
7) bilateral anterior cingulate/medial prefrontal cortex
(subgenually in Brodmann’s area 25, 10, 32 extending into
medial orbitofrontal cortex Brodmann’s area 11, pregenu-
ally in Brodmann’s area 24, 32, 9, 10, and supragenually in
Brodmann'’s area 24); 8) orbitofrontal cortex mostly on the
left (bilateral Brodmann’s area 11, 47 and left Brodmann’s
area 10); 9) left dorsolateral prefrontal cortex; and 10) left
primary motor and sensory cortices (Table 4).

In hypothesized regions and regions of interest based
on our more thorough post-study review of the literature
in the discussion, we also looked at brain activity using a
more lenient cluster size threshold (height z=1.645, cluster
size=10). At this threshold, we report new brain activity in-
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creases during ruminative relative to neutral thought in
the bilateral lateral temporal cortices (middle temporal
gyri), supragenual anterior cingulate/medial prefrontal
cortex, and right inferomedial dorsolateral prefrontal cor-
tex (Brodmann’s area 10). Also, decreased activations dur-
ing ruminative relative to neutral thought now appeared
bilateral in the thalamus, insula, and dorsolateral prefron-
tal cortex. All the new increased activations during rumina-
tive relative to neutral thought at this more lenient thresh-
old were adjacent to areas of significant deactivations.

Post Hoc Correlation Analysis: Self-Reported
Grief Level and Brain Activity Increases During
Ruminative Relative to Neutral Thought

No clusters showed a statistically significant positive
correlation between a subject’s baseline score on the
modified version of the Inventory of Complicated Grief
and brain activity during ruminative relative to neutral
thought. There were, however, statistically significant
clusters showing a negative correlation between a sub-
ject’s grief inventory score and brain activity during rumi-
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TABLE 4. Regions of Significantly Decreased Brain Activity During Ruminative Relative to Neutral Thought in Nine Women
Actively Grieving the Breakup of a Romantic Relationship?

Left Right
Talairach Talairach
Brodmann’s Coordinates 7 Brodmann’s Coordinates 7
Structure Area X y z Score Area X y z Score
Brainstem
Anterior pons -7 14 21 2.92
Midbrain/hypothalamus -9 -5 -7 332
Thalamus: lateral and medial thalamus -16 14 14 2.32
Ventral striatum®
Ventral striatum/amygdala -16 12 -7 3.19 14 9 -7 286
Ventral striatum 21 14 -7 285
Ventral striatum/amygdala/insula -28 -5 -7  3.62
Temporal cortex
Amygdala -16 -9 -7 255
Uncus/amygdala/parahippocampal gyrus 28/34 -19 2 21 243
Temporal pole/lateral temporal cortex superior/
middle temporal gyri 21/38 —45 5 -28 261
Temporal pole/superior temporal gyrus 38 -35 12 -28 253
Lateral temporal cortex/inferior/middle temporal gyrus ~ 20/21 -54 -9 -21 246
Lateral temporal cortex/middle temporal gyrus 21 —45 -7 -7 272
Lateral temporal cortex/superior/middle temporal
gyrus 21 47 -19 0 294
Insula®
Insula -28 19 0 3.25
Insula/lateral caudate -21 21 14 3.30
Insula/putamen -26 12 14 2.96
Anterior cingulated
Subcallosal gyrus/medial frontal gyrus/anterior
cingulate 11/25 2 14 -14 247
Anterior cingulate 24 -19 30 7 3.50 10/32 5 49 -7 243
Anterior cingulate/medial prefrontal cortex/
orbitofrontal cortex 10/32 -26 42 7  3.06 10/32 7 42 -7 220
Medial prefrontal cortex/superior frontal gyrus 10 -9 61 0 3.48 10 0 70 0 335
Anterior cingulate 24/32 -5 30 14 3.37
Anterior cingulate/medial prefrontal cortex 9/24/32 -23 -9 21 2.46 24/32 12 28 14 280
Anterior cingulate 24 -5 7 28 3.40
Orbitofrontal cortex®
Rectal gyrus 11 12 16 -21 252
Inferior frontal gyrus 11/47 -28 28 -14 298
Inferior frontal gyrus 10/47 -33 40 0 3.1 47 28 35 -7 216
Medial frontal gyrus 11 5 56 -14 239
11 19 30 -14 2.01
Superior/medial frontal gyrus 11 21 49 -14 1.87
Middle frontal gyrus 10 —40 59 -7 241
Middle frontal gyrus 10 -30 49 21 2.67
Orbitofrontal cortex/dorsolateral prefrontal cortex/
middle frontal gyrus 10/46 -40 45 7 3.04
Dorsolateral prefrontal cortex
Inferior frontal gyrus 45 -45 21 7 341
Inferior/middle frontal gyrus 45/ 46 —-45 23 21 3.00
Insula/inferior frontal gyrus 44/ 45 -33 5 21 2.82
Inferior frontal gyrus 44/ 45 -40 14 21 2.46
Inferior/middle frontal gyrus 9/44 -30 12 28 240
Middle frontal gyrus 9 -26 21 35 3.43
9 -49 7 35 1.83
Motor cortex: motor cortex/precentral gyrus 6 —49 5 7 2.29
6 -28 -7 35 237
6 —-47 -7 42 1.86
Sensory cortex: sensory cortex/postcentral gyrus 43 -56 12 21 3.17

2 Ruminative thoughts were the most frequent and intense sad thoughts that the subject had been having since the relationship breakup. Neu-
tral thoughts were about a different person known for an approximately equal amount of time. Subjects stated that the situation about
which they were thinking had no major positive or negative content. Talairach (x, y, z) coordinates, Brodmann’s area, and z score are dis-
played for local maxima.

b Extending into amygdala and insula.

¢ Extending into dorsal striatum.

d Extending into medial prefrontal cortex and orbitofrontal cortex.

€ Extending into inferior dorsolateral prefrontal cortex.
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FIGURE 1. Brain Region Activity in Nine Women Actively Grieving the Breakup of a Romantic Relationship During Rumina-

tive Relative to Neutral Thought?

2

4
-
L
Brain Activity Increases
(ruminative thought minus neutral thought)

3.34 I
z Score

1.645

40 48

& o

Brain Activity Decreases
(neutral thought minus ruminative thought)

z Score

4 Ruminative thoughts were the most frequent and intense sad thoughts that the subject had been having since the relationship breakup. Neu-
tral thoughts were about a different person known for an approximately equal amount of time. Subjects stated that the situation about which
they were thinking had no major positive or negative content. Regions more active during ruminative relative to neutral thought are shown
in a red flare pattern. Areas more active during neutral relative to ruminative thought are shown in a blue flare pattern. Horizontal brain
slices are 8-mm thick. The Talairach space z level is indicated above the corresponding slice. Horizontal slices are shown from the bottom of

the brain (Talairach z level=-) to the top (z level=+).

native relative to neutral thought. These regions of nega-
tive correlation were all in surprisingly similar locations to
the areas of deactivation for ruminative relative to neutral
thought from the group random effects analysis. The only
exceptions were that orbitofrontal cortex and ventral ante-
rior cingulate/medial prefrontal cortex negative correla-
tions were limited to small portions of the subgenual ante-
rior cingulate and right anterolateral orbitofrontal cortex,
respectively. Thus, for most brain regions in which there
were brain activity decreases for ruminative relative to
neutral thought, the higher the baseline grief score, the
lower the brain activity. Figure 2 shows the negative corre-
lation between the grief inventory score and brain activity
atalocal maxima in the left amygdala. This voxel was cho-
sen because the finding of decreasing activity during ru-
minative relative to neutral thought with increasing grief

Am | Psychiatry 161:12, December 2004

scores runs counter to amygdala hyperactivity findings in
depression. It was the only voxel we looked at for plotting.

We also inspected correlations between a subject’s aver-
age self-reported sadness rating and brain activity during
ruminative relative to neutral thought. Unlike the grief
versus brain activity correlation analysis, positive correla-
tions existed in the left inferior and superior posterior pa-
rietal cortex, regions that were active in random effects
analysis of ruminative relative to neutral thought.

Like the grief versus brain activity correlation analysis,
negative correlations were again found in regions that
were surprisingly similar to the random effects deactiva-
tions for ruminative relative to neutral thought, except an-
terior cingulate/medial prefrontal cortex and dorsolateral
prefrontal cortex negative correlations were limited to the
supragenual and ventrolateral (Brodmann'’s area 44/45/
46) regions, respectively. Unlike the grief versus brain ac-
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FIGURE 2. Relationship Between Brain Activity Differences
for Ruminative Relative to Neutral Thought and Baseline
Grief Inventory Score at a Voxel in the Left Amygdala?

@ Left amygdala grief activity —— Regression line

versus baseline grief score
1.5
1.0

0.5

0.0

Brain Activity During Ruminative
Relative to Neutral Thought (z Score)

10 20 30 40 50 60
Modified Grief Inventory Score

2 Talairach coordinates are x=—19, y=—7, and z=—14 for the voxel in
the left amygdala. The plot shows the linear decrease in brain activ-
ity for ruminative relative to neutral thought with a subject’s base-
line grief inventory score (r=0.93, df=7, p=0.0003; z=3.48). Brain
activity was measured by a subject’s ruminative thought minus the
neutral thought z score.

tivity correlations, there was a spatially extensive negative
correlation between activity and sadness ratings during
scanning in the left orbitofrontal cortex. Also, there were
negative correlations in the cerebellum, a region that was
active during ruminative relative to neutral thought.

The similarity in correlations between the grief versus
brain activity and sadness versus brain activity findings
cannot be explained by a correlation between the Inven-
tory of Complicated Grief scores and average sadness dur-
ing ruminative relative to neutral thought (r=0.024, df=7,
p=0.48; z=0.05).

Discussion

This work, involving grief caused by a recent separation,
adds to the growing body of information about the brain re-
gions involved in sadness. Of importance is that this study
lays the groundwork for future brain imaging studies ex-
amining the relationship between transient sadness, grief,
and clinical depression. Our study specifically examined
women grieving a breakup with a romantic lover. Almost all
subjects would have met the criteria for depression for a pe-
riod less than 2 weeks after breakup. Most, however, did not
meet the 2-week depression time criteria. At study time,
subjects generally were still ruminating about their ex-lover,
but most had resolving depressive symptoms. Only one
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subject met criteria for a major depressive episode at study
time.

The spectrum from acute sadness to grief to major de-
pression probably involves dysfunction of several inter-
related functional neuroanatomical systems. In depres-
sion, one simplistic way of mapping brain regions and
symptoms is that 1) hypothalamus involvement maps
onto sleep, appetite, and neuroendocrine regulatory prob-
lems, 2) ventral striatum hypofunction maps onto anhe-
donia, 3) the interface of motor systems with the dorsal
striatum or thalamus maps onto slowed motor manifesta-
tions, 4) amygdala hyperactivity maps onto comorbid
anxiety and misperception of danger signals, 5) disordered
paralimbic activity (orbitofrontal cortex-insula-temporal
pole-anterior cingulate) maps onto affective symptoms,
and 6) anterior cingulate/prefrontal cortex hypofunction
maps onto cognitive deficits (34).

In our study, we found as hypothesized that in pre-
menopausal women who had recently experienced the
breakup of a romantic relationship, ruminating about
their ex-lover was associated with altered activity in the
cerebellum, anterior temporal cortex, insula, anterior cin-
gulate, and prefrontal cortex. Brain activity increases dur-
ing ruminative relative to neutral thought were generally
more prominent in posterior brain regions, including the
cerebellum, occipital, and posterior parietal-temporal
cortices. Decreases were more prominent on the left and
in anterior brain regions, including the anterior brainstem
and striatal, thalamic, limbic, temporal, and prefrontal
cortices. Specifically, we found brain activity increases
during ruminative relative to neutral thought in the cere-
bellum, posterior brainstem, bilateral lateral temporal
cortices, supragenual anterior cingulate/medial prefron-
tal cortex, right inferomedial dorsolateral prefrontal cor-
tex, and posterior temporoparietal and occipital brain re-
gions. The more anterior region increases—including the
lateral temporal cortex, anterior cingulate, and prefrontal
cortex—were only present with a more lenient statistical
threshold, and all lied adjacent to regions of brain activity
decreases during ruminative relative to neutral thought.
Activity decreases during ruminative relative to neutral
thought were generally more on the left than the right and
included the anterior brainstem, thalamus, striatum, me-
dial and lateral temporal cortex, insula, anterior cingu-
late/medial prefrontal cortex (sub-, pre-, and supragenual
regions), orbitofrontal cortex, dorsolateral prefrontal cor-
tex, and primary sensorimotor cortex. In post hoc correla-
tions, we found negative correlations between a subject’s
baseline grief ratings and activations during ruminative
relative to neutral thought in brain regions similar to
where the group showed decreased activation during ru-
minative relative to neutral thought, except that the orb-
itofrontal cortex and ventral anterior cingulate/medial
prefrontal cortex negative correlations were limited to
small portions of the subgenual anterior cingulate and
right anterolateral orbitofrontal cortex, respectively.
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Relationship With Prior Imaging Studies
of Sadness and Depression

There have been seven independent samples of healthy
individuals studied while they recalled sad memories as
compared with neutral memories or rest (4, 7, 8, 10, 12, 16,
20, 35). All seven examined increases during sadness rela-
tive to a control condition, and four also examined de-
creases. Unlike our study, these were all ['°0]H,0 PET
studies, and the sad event picked was generally not an
event about which the subjects were actively grieving. In
general, these sadness induction studies showed in-
creased subcortical activity, increased or altered paralim-
bic region activity, and decreased activity in more cortical
regions. Namely, consistent findings in healthy individuals
undergoing sadness induction included cerebellar in-
creases, brainstem/hypothalamus increases, thalamic
increases, striatal increases, insular increases, changed
ventrolateral orbitofrontal cortex activity, mostly ventro-
medial anterior cingulate/medial prefrontal cortex/orb-
itofrontal cortex increases, changed pregenual anterior
cingulate/medial prefrontal cortex activity, changed pos-
terior cingulate activity, mainly dorsolateral prefrontal
cortex decreases, lateral temporal cortex decreases, and
changed occipital cortex activity.

In our study of actively grieving subjects, we found al-
tered activity in all these brain regions. Consistent with the
healthy sadness studies, we found increases in the cere-
bellum and posterior brainstem, changes in the pregenual
and supragenual anterior cingulate/medial prefrontal
cortex (increases and decreases supragenually and de-
creases pregenually), changes (increases) in the posterior
cingulate cortex, changes (decreases) in the orbitofrontal
cortex, mainly decreases in the dorsolateral prefrontal
cortex (extensive decreases on the left but both increases
and decreases in a small area of the right inferomedial
dorsolateral prefrontal cortex), mainly decreases in the
lateral temporal cortex, and changes (increases) in the oc-
cipital cortex. In contrast to these studies, we found de-
creased activity in the anterior brainstem/hypothalamus,
thalamus, striatum, anterior lateral paralimbic structures
(insula-temporal pole-orbitofrontal cortex), and subgen-
ual/ventral pregenual anterior cingulate/medial prefron-
tal cortex/medial orbitofrontal cortex. Of interest, we also
found decreases in the bilateral medial temporal cortex
(left > right) not noted in the sadness studies as a consis-
tent region of change.

While at odds with sadness studies in healthy subjects,
our findings of diminished brain activity during rumina-
tive relative to neutral thought in the striatum and anterior
cingulate/prefrontal cortex as well as our findings in these
regions of decreasing activity during ruminative relative to
neutral thought with increasing baseline grief levels are
consistent with functional imaging studies of depression,
which consistently report mainly decreased anterior cin-
gulate/medial prefrontal cortex activity and decreased
dorsolateral prefrontal cortex activity as well as less con-
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sistent findings of striatal decreases (6, 34, 36-39). Our
findings, however, are the opposite of consistent depres-
sion findings of amygdala, insula, and ventrolateral orb-
itofrontal cortex increases and less consistent depression
findings of thalamic increases (34, 36-40). Findings of lat-
eral temporal cortex decreases were consistent with
healthy sadness studies and some depression studies. In a
single ['°0]H,0 PET study of acutely depressed subjects
reflecting on sad memories compared with rest (41), which
employed a paradigm similar to our own, the authors also
found within-group thalamic decreases as we did but in-
sula and ventrolateral orbitofrontal cortex increases simi-
lar to the depression and some healthy sadness induction
studies. This sole sadness induction study of depression
subjects did not report direct statistical comparisons be-
tween depressed and healthy subjects.

In sum, we found activity increases during ruminative
relative to neutral thought in the cerebellum, posterior
brainstem, lateral temporal cortices, supragenual anterior
cingulate/medial prefrontal cortex, right inferomedial
dorsolateral prefrontal cortex, and posterior temporal-pa-
rietal and occipital brain regions. The more anterior re-
gion increases—including the lateral temporal cortices,
anterior cingulate, and prefrontal cortex—were all sur-
rounded by regions of more prominent decreases. Activity
decreases during ruminative relative to neutral thought
were more extensive on the left and located in the anterior
brainstem, thalamus, striatum, medial and lateral tempo-
ral cortex, insula, anterior cingulate, and frontal cortex. All
of these brain regions have been found to be altered in
sadness induction studies in healthy individuals. With the
exception of the cerebellum and occipital and parietal
cortices, all of the regions have also been found to be al-
tered with at least some consistency in depression.

Our most robust finding was of prominent activity de-
creases during ruminative relative to neutral thought in
the subcortex, medial and lateral temporal cortices, in-
sula, anterior cingulate, and frontal cortex. These regions
of group decreases also showed diminishing activity dur-
ing ruminative relative to neutral thought with increasing
level of a person’s grief, except for limited findings in the
ventral anterior cingulate/prefrontal cortex. Our findings
of changed (primarily diminished) anterior cingulate,
frontal, and lateral temporal activity in our grieving sub-
jects are consistent with findings in healthy subjects un-
dergoing sadness induction and depression subjects in
general. Our finding of decreased insula activity is at odds
with consistent findings in healthy sadness induction
studies and depression. Our finding of decreased medial
temporal cortex (limbic) activity (including the amygdala)
is at odds with consistent depression findings and is not a
consistent finding in healthy sadness induction studies.
Potential reasons for our discrepant findings of medial
temporal lobe decreases are as follows. First, our study was
not one of pure sadness, instead involving a mixed state of
sadness, anger, and anxiety. Also, decreases in the medial
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temporal region in our actively grieving subjects could be
specific to the experience of actively thinking about a neg-
ative experience that is on one’s mind constantly, which is
different from grief remembered from long ago. Next, per-
haps subjects with higher grieving scores have hyperactive
amygdala activity during the neutral baseline condition
and with further increases in emotion such as ruminating
about a lost relationship, they actually get decreases in
amygdala activity. A justification for this is that mild to
moderate doses of noradrenaline, which increase stress,
placed in the amygdala improves fear conditioning in rats,
but high doses do not (42). This may be analogous to the
finding that low to moderate stress increases cerebral
blood flow (cortically and sometimes subcortically) and
performance, whereas high stress levels decrease cerebral
blood flow (cortically and sometimes subcortically) and
performance (43-53). Further, amygdala and medial tem-
poral lobe activity is often noted to be altered rather than
increased in anxiety disorders such as panic disorder and
post-traumatic stress disorder (PTSD) (J.P. Lorberbaum,
unpublished literature review). For example, diminished
medial temporal lobe activity has been noted in PTSD
subjects internally reflecting on their traumatic event (54).
Next, in some fMRI studies, amygdala activity has been
noted to initially briefly increase for roughly 10-15 sec-
onds then decrease below baseline over the course of a
single epoch. Amygdala activity has even shown increases
in earlier epochs but habituation to below baseline in later
ones (55). Our epochs were 60 seconds and repeated 4.5
times. Last, our sadness induction involved internally gen-
erated emotions with eyes closed. With visually (exter-
nally) induced sadness, medial temporal lobe activation is
common, especially in the amygdala. The phenomenon of
predominant amygdala activation by visual mood induc-
tion was already statistically substantiated by the meta-
analysis of Phan and colleagues (56). In 50% of the visual
induction studies they had reviewed, the amygdala turned
out to have increased activity, regardless of the targeted
mood. However, in only 7% of internally recall-driven
studies were amygdala increases found.

Limitations

Our study had several limitations that should be kept in
mind while interpreting its results. 1) Variability: potential
causes of variability include the small sample size, varying
range of time from breakup, lack of control for menstrual
phase, and inattention to cigarette smoking as well as the
wide inter-subject differences in distraction, ease of per-
forming the sadness task, and stage of grief. 2) Reversibility
of emotion: during fMRI, subjects may not have been able
to completely recover from their sad, ruminative state in
time for the neutral state. Even though subjects rated
themselves less sad during the neutral condition, this may
have been true in part due to a response bias, since condi-
tions were categorized as “sad” and “neutral.” 3) Mixed
emotions, not pure sadness: during ruminative thought,
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subjects felt significantly more sad, anxious, and angry
than during neutral thought, albeit at a lesser level for the
latter two emotions. Thus, the induced emotion was not
pure sadness. However, we were more interested in the
neural correlates of grief itself than in pure sadness. Griev-
ing about a breakup might therefore be considered to be a
mixed emotional state, which may limit comparability
with studies examining sadness. 4) Quality of the control
task: we tried to match neutral and sad thoughts for the
mental techniques used to produce these emotions (i.e.,
mental imagery and imagining of spoken words) and fa-
miliarity of the person in the neutral event. However, one
might assume that, compared with the neutral thought
state, the ruminative thought content was more impor-
tant, familiar, and more frequently thought about. There-
fore, the occipital activation during sadness might be
explainable as a stronger activation of primary and sec-
ondary visual areas from more vivid imagery.

Conclusions

In conclusion, we have demonstrated that hypothesized
brain regions are altered in women when grieving the re-
cent breakup of a romantic relationship during scanning.
The regions activated in these women were largely the
same regions activated in prior sadness mood induction
studies, although there were some interesting differences
in the direction of changes that may have been due to the
technique involved or because the subjects were actively
grieving. These pilot results lay the groundwork for future
studies examining the relationship between normal sad-
ness, grief, and depression.
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