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Objective: The authors used functional
magnetic resonance imaging (fMRI) to
define the neural regions mediating self-
referential processing of emotional stim-
uli and to explore how these regions are
influenced by the emotional valence of
the stimulus.

Method: Ten healthy subjects were pre-
sented with words describing positive and
negative personality traits during fMRI
scanning in three different conditions. In
the self-referential processing condition,
subjects judged whether they thought
each trait described them. In the other-
referential processing condition, subjects
judged whether the stimulus described a
generally desirable trait. In the letter-rec-
ognition control condition, subjects indi-
cated whether the word contained a spe-
cific target letter.

Results: The self-referential condition in-
duced bilateral activation in the dorsome-
dial prefrontal cortex, whereas the other-
referential condition induced activation in

lateral prefrontal areas. Activation in the
right dorsomedial prefrontal cortex was
unique to the self-referential condition re-
gardless of the valence of the words, al-
though positive words produced a more
robust activation than did negative words.
In the self-referential condition, differences
between the processing of positive and
negative words were seen in regions out-
side the medial frontal cortex, with reduc-
tions in the insula, temporal and occipital
regions, and inferior parietal regions asso-
ciated with negative words.

Conclusions: A widely distributed net-
work of brain areas contributes to emo-
tional processing. Among these regions,
the right dorsomedial prefrontal cortex is
one main area mediating self-reference.
By providing a personal perspective in the
evaluation of emotional stimuli, the right
dorsomedial prefrontal cortex may medi-
ate cognitive processes, such as those in-
volved in psychotherapy, that guide self-
regulation of emotional experience.

(Am J Psychiatry 2003; 160:1938-1945)

Cognitive models of emotion suggest that mood dis-
turbances, such as those seen in depression, may reflect
the exaggeration of normal emotional responses or abnor-
malities in emotional processing (1). As suggested by these
models, imaging studies of the brain circuitry underlying
normal emotional behaviors may contribute to a better
understanding of the neural basis of affective disorders.

Several brain imaging studies have previously linked
components of emotional behaviors to limbic and para-
limbic structures (insula, amygdala, medial temporal
cortex, anterior cingulate) and to subcortical regions
(thalamus, caudate, hypothalamus), as well as to medial,
dorsolateral, and orbitofrontal regions (2-4). An unre-
solved question is whether the same neural structures me-
diate both positive and negative emotions. Some studies
have supported the hypothesis that positive and negative
emotions are processed in different neural structures (2,
3). Davidson and Irwin (5) proposed that the right prefron-
tal cortex is more active during negative emotions such as
fear, disgust, or sadness than during positive emotions.
Other authors have suggested a nonlateralized prefrontal
pattern in negative and positive emotion in which ventral
areas are active during negative emotion and dorsal areas
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are active during positive emotion (6, 7). In addition, while
some studies (8, 9) have reported that the anterior cingu-
late and medial prefrontal cortex play a specific role in the
cognitive processing of emotional stimuli, little is known
about the neural basis of self-referential processing of
these types of stimuli.

Recent neuroimaging studies of normal subjects, how-
ever, have suggested that the medial prefrontal cortex may
be specifically involved in tasks requiring the processing of
information relevant to the self (10, 11). Most of these stud-
ies have assessed self-referential processing by using cog-
nitive tasks without emotional components. The role of
medial prefrontal cortex regions in self-referential process-
ing within an inherently emotional context remains un-
clear, although critically important to understanding inap-
propriate self-referencing in patients with depression.

The aim of the current study was to identify the brain
regions mediating interactions between self-related pro-
cessing and emotional processing. The experiment was
designed to build on previous work demonstrating that
words processed with reference to the self (some studies
used nouns, not all of which had emotional valence) are
generally better remembered than material processed in
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semantic terms (12). Numerous studies have established
the reliability and validity of this phenomenon, labeled the
“self-reference effect” (12). Paradigms that use emotional
words to examine the self-referential effect allow assess-
ment of self-related processes within an emotional con-
text. Craik et al. (13), using a self-reference effect paradigm
and positron emission tomography (PET), determined that
self-encoding of adjectives describing personality traits
yielded specific activation of the right dorsomedial pre-
frontal cortex. However, this study did not allow for com-
parison between stimuli with positive and negative emo-
tional valences and therefore did not provide a basis for
investigating the emotional bias toward negative stimuli in
depression.

The current study used a self-reference effect paradigm
with an event-related fMRI design to evaluate the modula-
tion by valence of the neural response associated with self-
evaluation of emotional words. Based on our previous PET
scan study (13), we hypothesized that the dorsomedial
prefrontal cortex, especially in the right hemisphere,
would contribute to the integration of emotion and self-
referential processing. Lateralized or nonlateralized va-
lence effects were not additionally hypothesized, given the
many inconsistencies in the published literature.

Method

Subjects

Fourteen healthy subjects (eight women, six men; mean age=
26.4 years, SD=4.5, range=20-36), screened for absence of psychi-
atric and neurological disorders with a clinical interview, were re-
cruited from the University of Toronto community. At the time of
initial screening, participants’ mood was assessed with the Beck
Depression Inventory (14). All subjects were fluent in English,
were right-handed as judged by the Edinburgh Handedness In-
ventory (15), and had normal or corrected-to-normal visual acu-
ity. After a complete description of the study to the subjects,
written informed consent was obtained. The study was approved
by research ethics boards at Baycrest Centre, Sunnybrook and
Women’s College Health Sciences Centre, and the University of
Toronto. Subjects were reimbursed for their participation and
time. Four subjects whose fMRI time series had perceptible, re-
sidual head movements greater than 1 mm were excluded from
further analysis. The remaining 10 subjects (seven women, three
men; mean age=25.8 years, SD=4.4; mean number of years of ed-
ucation=17.9, SD=2.0; mean Beck Depression Inventory score=
2.4, SD=2.9) were included in the study.

Verbal Stimuli

Thirteen lists of 10 personality-trait adjectives were con-
structed from Anderson’s list of personality-trait words (16). The
lists were used in the judgment tasks described in the next section
(additional lists were used in a subsequent recognition test that
will be detailed elsewhere, in a separate report). Within each of
the 13 lists, half of the words were unambiguously positive and
half were negative, selected from the top 20% and bottom 20%, re-
spectively, of Anderson’s sample. One list was used for practice
trials. The other 12 lists were shown to the participants during the
scan acquisitions. The study included three different judgment
conditions: self-referential processing, other-referential process-
ing, and letter recognition (used as the baseline control task).
Four lists were assigned to each of three judgment conditions.
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Each positive and negative word occurred in only one of the lists,
and each word was randomly assigned to only one of the three
judgment conditions for each subject. Therefore, each subject re-
ceived a unique protocol.

Task Design

The fMRI scans were acquired while patients performed the
judgment tasks. Stimuli were generated by a personal computer
with SuperLab Pro software (Cedrus Corp., San Pedro, Calif.) and
appeared on a back-projection screen mounted outside the scan-
ner bore; subjects viewed the screen using angled mirrors.

Depending on instructions presented before the start of each
set, participants made one of three different judgments about the
presented words. Subjects were not required to directly rate the
valence itself. In the self-referential condition, subjects judged
whether each trait described them. In the other-referential condi-
tion, participants judged whether the trait was socially desirable.
In the letter-recognition control condition, participants judged
whether the word contained a specific target letter (i.e., “e” or “a”;
a different letter was used for each list). For all conditions, each
word prompted a “yes” or “no” response, and subjects pressed a
button with the right index or middle finger, respectively, to indi-
cate their decision. Button presses were recorded by using an
MRI-compatible keypad (Lumitouch, Lightwave Technologies,
Richmond, B.C., Canada). Participants were not explicitly asked
to remember the words.

Subjects performed each judgment condition four times across
three scanning runs. At the onset of each condition, an instruc-
tion cue was presented for 9 seconds (e.g., “task: self condition”).
Each condition contained trials consisting of two word types:
negative words and positive words. Negative and positive words
were randomly intermixed and separated by a fixation crosshair
displayed on the center of the screen. Item order was counterbal-
anced such that positive and negative items followed each other
equally often. Each list of adjectives constituted 10 trials. Each
trial consisted of a fixation crosshair displayed for 500 msec fol-
lowed by an adjective displayed for 4500 msec, then another fixa-
tion point displayed for 5000 msec. Participants responded by
pressing a keypad at any time between the onset of the stimulus
and the onset of the 500-msec fixation of the next trial. To control
for order effects, blocks within a run (40 words per run, 10 words
per block; a total of four blocks per run) were presented in ran-
dom order, with no two consecutive blocks in the same condition.
Both response and reaction times were recorded by SuperLab.

Encoding tasks were immediately followed by an unexpected
recognition task. For the recognition task, subjects were instructed
to discriminate between studied (old) words and unstudied (new)
words. Each word prompted a “yes” (old) or “no” (new) response,
and subjects pressed a button with the right index or middle fin-
ger, respectively, to indicate their decision.

Functional Imaging

Imaging was performed at Sunnybrook and Women’s College
Health Sciences Centre by using a 1.5-T Signa MRI system (CV/i
hardware, LX8.3 software; General Electric Medical Systems,
Waukesha, Wis.) with a standard quadrature birdcage head coil.
Structural magnetic resonance images were acquired by using a
three-dimensional T;-weighted spoiled gradient recall acquisi-
tion sequence (TR=12.4 msec, TE=5.4 msec, flip angle 35°,
22x16.5 field of view, 256x196 acquisition matrix, 124 axial slices,
1.4 mm thickness). Functional images were collected by using a
To*-weighted pulse sequence with spiral k-space readout, offline
gridding, and reconstruction (TE=40 msec, TR=2000 msec, flip
angle=80°, 90x90 effective acquisition matrix, 20 cm field of view,
24 axial slices, 5 mm thickness) optimized for sensitivity to blood-
oxygenation-level-dependent (BOLD) signal contrast (17). Func-
tional data were acquired in three separate runs, each lasting 7
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SELF-REFERENTIAL PROCESSING OF EMOTIONAL WORDS

TABLE 1. Reaction Times (N=6) and Recognition Memory
of Healthy Subjects (N=14) During Self- and Other-Referen-
tial Processing of Positive and Negative Emotional Words
and During a Letter-Recognition Control Condition?

Proportion of
Correct Responses

Reaction Time  (hitrate—false-alarm

Condition and Emotional

Valence of Words Presented (mseq)® rate)©
to Subjects Mean SD Mean SD
Self-referential processing
Positive 1816 472 0.66 017
Negative 1824 478 0.72 0.13
Other-referential processing
Positive 1584 349 0.53 0.28
Negative 1616 218 0.68 0.15
Letter recognition
Positive 1472 291 0.24 0.18
Negative 1396 336 0.31 0.15

2 Subjects were presented with words describing positive and nega-
tive personality traits. In the self-referential condition, subjects
judged whether each trait described them. In the other-referential
condition, they judged whether the trait was generally socially de-
sirable. In the letter control condition, they judged whether the
word contained a specific target letter. For all conditions, each
word prompted a “yes” or “no” response.

b The time subjects took to make a “yes” or “no” response.

¢ After the encoding tasks, subjects performed an unexpected recog-
nition task in which they were instructed to discriminate between
studied (old) and unstudied (new) words by means of a “yes” (old)
or “no” (new) response.

minutes and 56 seconds (including an initial 40 seconds for ma-
chine equilibration).

Statistical Analysis

Analysis of fMRI data. Images of brain activation were com-
puted and overlaid on anatomic images by using the Analysis of
Functional NeuroImaging (AFNI) program (18). Time series data
were first spatially coregistered to correct for head motion by us-
ing a three-dimensional Fourier transform interpolation and
were then detrended to a constant reference scan by using a fifth-
order polynomial. The data were subjected to two analyses: one
to examine the effects of self-processing regardless of word va-
lence, and the other to clarify the role of valence.

Analysis of hemodynamic response. Percent changes in sig-
nal intensity during the self-referential and other-referential con-
ditions with respect to the letter-recognition control condition
were analyzed by using voxelwise correlations of the self-referen-
tial and other-referential time series with square-wave reference
vectors (19) shifted to account for the delay in hemodynamic re-
sponse. This method produced two activation images per partici-
pant: one for the self-referential condition versus the letter-re-
cognition control condition, and one for the other-referential
condition versus the letter-recognition control condition. These
activation images were then transformed into Talairach coordi-
nates (18, 20) and smoothed by using a Gaussian filter with a 6-
mm full width at half maximum to increase the signal-to-noise ra-
tio. The latter step was performed to facilitate the subsequent
group analysis consisting of a mixed-effect, voxelwise two-factor
analysis of variance (ANOVA) of the percent changes in signal in-
tensity, with judgment condition (self- or other-referential) as the
within-subjects factor and subject as a random factor. Because of
our a priori hypothesis targeting the medial prefrontal region, the
statistical cutoff for the main comparison between the self and
other conditions was set at p<0.001, uncorrected.

Analysis of valence effect. In the second analysis, we con-
trasted positive and negative words to determine the effect of va-

1940 http.//ajp.psychiatryonline.org

lence in self-referential processing. To this end, we compared
responses to positive and negative words in the self-referential
condition relative to the letter-recognition control condition.
AFNI was used to deconvolve the hemodynamic response func-
tion on a voxelwise basis from the time series data to interpret the
activations associated with positive and negative words randomly
presented within a given block. The best linear least-squares fit
was calculated for the following model parameters: constant base-
line, linear trend in time series, and BOLD response deviation
from baseline for each condition (self-referential processing of
positive words and self-referential processing of negative words).
This fit of the parameters produced an estimate of the hemody-
namic response for the image 0-5 TR (10 seconds) after the stimu-
lus onset for each condition relative to the control condition. Sub-
sequently, activation images were created corresponding to 3 TR
after the stimulus onset for each of the conditions contrasted with
the corresponding letter-recognition condition (self-referential
processing of positive words versus letter recognition for positive
words, self-referential processing of negative words versus letter
recognition for negative words). The images were then trans-
formed into Talairach coordinates and spatially smoothed as re-
ported earlier.

The subsequent group analysis consisted of a mixed-effect,
voxelwise two-factor ANOVA with condition (self-referential pro-
cessing of positive words, self-referential processing of negative
words) as the within-subject factor and subject as a random fac-
tor. The statistical cutoff for the main comparison of self-referen-
tial processing of positive and negative words was set at p<0.001,
uncorrected. Post hoc specific contrast manipulations were then
investigated in more detail.

In addition, because both the self-referential and the letter-rec-
ognition conditions involved both explicit and implicit process-
ing of the emotional aspects of the words, it was also important to
determine whether the comparison of self-referential processing
with letter recognition removed a specific valence effect. This
possibility was assessed by contrasting activation associated with
positive and negative words across all the different conditions.

Results

Behavioral Results

Table 1 shows the mean reaction times subjects took to
make judgments for each word condition and valence
type. Due to technical problems, response times were re-
corded for only six subjects. A repeated measures ANOVA
with judgment condition and valence as the within-sub-
ject factors showed that neither the main effect of judg-
ment condition (F=1.87, df=2, 4, n.s.) nor of valence (F=
0.07, df=1, 5, n.s.) was significant. Likewise, the judgment-
by-valence interaction was not statistically significant (F=
0.09, df=2, 4, n.s.).

Details of the recognition data will be the subject of a
separate report. In short, recognition was significantly
higher in the self- and other-referential conditions than in
the letter-recognition condition, and the results suggested
an effect of self-reference on memory performance.

FMRI Results

Analysis without valence. Brain regions with activa-
tions associated with self- and other-referential process-
ing, irrespective of word valence, are listed in Table 2. As
reported in our previous PET study (13) and consistent
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TABLE 2. Brain Regions With Significant Differences in Activation Between Self- and Other-Referential Processing of Emo-
tional Words, Relative to a Letter-Recognition Control Condition, in 10 Healthy Subjects?

Analysis
Post Hoc Effects (t)d
Talairach Coordinates® Main Effect: Self- Self-Referential Other-Referential
Brodmann’s Versus Other-Referential Processing Versus  Processing Versus
Condition, Region, and Side Area X y z Processing (t)¢ Letter Recognition Letter Recognition
Self-referential processing
Medial prefrontal
Right 10 10 49 16 4.77 4.63 -2.12
Left 9 -16 40 27 5.73 717 -0.93
Posterior cingulate, left 31 -14 -27 37 5.41 3.19 -4.46
Both self- and other-referential
processing
Premotor 6
Right 16 9 49 5.10 -5.85 -13.06
Left -22 14 55 5.91 -5.56 -13.91
Dorsolateral prefrontal, left 8 -21 22 54 5.13 12.11 4.84
Precuneus, right 7 9 —44 53 6.02 -6.03 -14.54

aSubjects were presented with words describing positive and negative personality traits. In the self-referential condition, subjects judged
whether each trait described them. In the other-referential condition, they judged whether the trait was generally socially desirable. In the
letter-recognition control condition, they judged whether the word contained a specific target letter. For all conditions, each word prompted
a “yes” or “no” response.

b Based on peak t values.

¢ Based on the difference between the effects of self-referential processing (relative to the effects of letter recognition) and the effects of other-
referential processing (relative to the effects of letter recognition); t>4.75, p<0.001 (uncorrected).

d Negative values represent greater activation during the letter-recognition control condition than during self- or other-referential processing;
—4.75<t>4.75, p<0.001 (uncorrected).

with our hypothesis, the self-referential condition was as- FIGURE 1. Areas in the Dorsomedial Prefrontal Cortex

sociated with left and right dorsomedial prefrontal cortex Showing Significant Increase in Activation During Self-Ref-
i ) A o ) K erential Processing of Emotional Words, Relative to Other-

activations (Figure 1). In addition, this analysis showed Referential Processing, in 10 Healthy Subjects?

signal activation unique to the self-referential condition in

the left posterior cingulate (Brodmann’s area 31), which Right Left

has not been previously identified. Processing emotional

words in both the self- and other-referential conditions in-

duced BOLD signal activations in the lateral prefrontal ar-

eas and reductions in the parietal and premotor regions

(Table 2). No regions showed significant neural activations

specific to the other-referential condition.

t=10.0

Valence effect. To address the possibility that there might
be an effect of valence within self-referential processing,
we compared processing of positive and negative words in
the self-referential condition. A significant difference be-
tween the two valence conditions in the area of primary
interest, the right dorsomedial prefrontal cortex, was not
found (Table 3). However, post hoc analyses showed that
both the right and left dorsomedial prefrontal cortex were

active during self-referential processing of both positive aSubjects were presented with words describing positive and nega-

t=-10.0

y=43 mm

and negative words, with positive words producing a more tive personality traits during fMRI scanning. In the self-referential
robust activation than did negative words (Table 3). Taken condition, subjects judged whether they thought each trait de-

. scribed them. In the other-referential condition, subjects judged
together these results suggest that the dorsomedial pre- whether the trait was generally socially desirable. Areas highlighted
frontal cortex, especially on the right, is one main area for in red-yellow show contiguous voxels exceeding the statistical cut-

off (—4.75<t>4.75, p<0.001, uncorrected). The y coordinate indi-

self-referential processing and is not independently mod- A .
cates the location of the coronal slice.

ulated by positive or negative valence.

Although the comparison of self-referential processing
of positive and negative words did not show significant No regions showed significant neural activations specific
differences in activation in the dorsomedial prefrontal ~ to the processing of negative words.

cortex, the comparison did reveal significant activations Post hoc analyses revealed that the main effect in the
for positive words in the left and right insula and in the comparison of self-referential processing of positive and
temporal, occipital, and inferior parietal regions (Table 3). negative words was due not to increases with positive
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TABLE 3. Brain Regions With Significant Differences in Activation During Self-Referential Processing of Positive and Nega-
tive Emotional Words, Relative to Recognition of Letters in Positive and Negative Emotional Words, in 10 Healthy Subjects®

Main Effect: Positive Words Post Hoc Analyses

Versus Negative WordsP

Positive Words®© Negative Wordsd

Talairach Coordinates® Talairach Coordinates® Talairach Coordinates®

Brodmann’s

Region and Side Area X y z t X y z t X y z t
Medial prefrontal’ 10

Right 7 54 6 1.09 7 54 6 5.05 6 52 6 3.94

Left =11 49 14 3.02 =11 49 14 6.43 =11 49 14 2.15
Insula

Right 47 -13 18 4.60 47 -13 18 3.80 50 -13 18 -3.67

Left 41 =17 7 4.75 —41 =17 7 2.31 —41 =17 7 —4.41
Superior temporal, left 22 -50 -35 3 5.17 -50 -35 3 6.05 -50 -35 3 -1.26
Inferior parietal, left 39 -52 -72 29 3.88 -52 -72 29 6.51 -52 -72 29 1.01

-41 -62 10 5.64 —41 -62 15 3.94 -41 -62 10 -6.12

Occipital 18

Right 17 -81 3 5.97 17 -81 3 6.07 17 -81 3 -2.38

Left 14 —-67 =1 4.62 14 —-67 =1 2.62 -14 -67 =1 -3.92

aSubjects were presented with words describing positive and negative personality traits. In the self-referential condition, subjects judged
whether each trait described them. In the other-referential condition, they judged whether the trait was generally socially desirable. In the
letter-recognition control condition, they judged whether the word contained a specific target letter. For all conditions, each word prompted
a “yes” or “no” response.

b Based on the difference between the effects of self-referential processing of positive words (relative to the effects of letter recognition for pos-
itive words) and the effects of self-referential processing of negative words (relative to the effects of letter recognition for negative words);
t>3.67, p<0.001 (uncorrected) and t>4.54, p<0.0001 (uncorrected).

¢ Based on the effects of self-referential processing of positive words minus effects of letter recognition for positive words; t>3.67, p<0.001 (un-
corrected) and t>4.54, p<0.0001 (uncorrected).

d Based on the effects of self-referential processing of negative words minus the effects of letter recognition for negative words. Negative val-
ues represent greater activation during letter recognition than during self-referential processing; —3.67<1>3.67, p<0.001 (uncorrected) and

—4.54<t>4.54, p<0.0001 (uncorrected).
€ Based on peak t value.

f Approximate area for medial prefrontal activation during self-referential processing, as shown in Table 2.

words but rather to significant reductions during the pro-
cessing of negative words in the ventral and lateral para-
limbic regions—the left and right insula—and more poste-
rior regions, including the left inferior parietal and the
right and left occipital cortex (Figure 2 and Table 3). Fi-
nally, examination of activations associated with positive
and negative words independent of task (i.e., combining
results from the self- and other-referential conditions and
the letter-recognition control condition, then comparing
effects for positive versus negative words) revealed no sig-
nificant valence differences.

Discussion

The goal of this study was to identify brain regions me-
diating self-referential processing of positive and negative
emotional words. The main finding was that emotional
stimuli processed in a personal context were associated
with a different pattern of brain activations than were
identical stimuli considered in a general context. Self-ref-
erential processing of emotional words induced a unique
activation in the dorsomedial prefrontal cortex. Moreover,
the activation seen in the dorsomedial prefrontal cortex,
especially on the right, was present irrespective of the va-
lence of the words, suggesting that this region is involved
in self-referential processing of all emotional stimuli, re-
gardless of emotional valence.

The fMRI results additionally showed that the magni-
tude of the signal in the self-referential condition was
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greater than in the other-referential condition in left dorso-
medial prefrontal cortex regions (Brodmann’s area 8/9),
consistent with our earlier study (13) and a large literature
on semantic processing of words and the hemispheric en-
coding retrieval asymmetry (HERA) model (21). Likewise,
the association of self-reference with posterior cingulate
activity replicates earlier findings implicating the posterior
cingulate in aspects of emotional processing (22).

One possible explanation for the selective right dorso-
medial prefrontal cortex activity might be the targeted use
of strictly emotional words. However, processing of emo-
tional words is not consistently associated with activa-
tions of the dorsomedial prefrontal cortex across brain im-
aging studies. One PET study (23) found increased activity
in the medial prefrontal regions when subjects passively
viewed emotional words relative to passively viewing ani-
mal names, while another study (24) showed brain activa-
tion mainly in the retrosplenial cortex associated with
threat-related words and no activation in the dorsomedial
prefrontal cortex.

We suggest that the dorsomedial prefrontal cortex activ-
ity is not likely to be related to emotional content per se but
is due to the self-referential processing of the emotional
stimuli. Several converging lines of evidence support this
interpretation. The right dorsomedial prefrontal cortex has
been reliably activated across a wide range of emotional
tasks with or without verbal materials, such as recollection
of personally affect-laden life events (25), attention to
subjective feeling (8), and processing of emotion-related
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FIGURE 2. Areas in the Insula Showing Significant Increase in Activation During Self-Referential Processing of Positive and
Negative Emotional Words, Relative to Recognition of Letters in Positive and Negative Emotional Words, in 10 Healthy

Subjects?

Self Positive Versus Self Negative

Right Left

y=—17 mm

Self Negative Versus Letter Negative

Right

Left
t=10.0

t=-10.0

y=—4 mm

a Subjects were presented with words describing positive and negative personality traits during fMRI scanning. In the self-referential condition,
subjects judged whether they thought each trait described them. In the letter-recognition condition, subjects indicated whether the word con-
tained a specific target letter. In the left panel, red-yellow highlighting shows contiguous voxels exceeding the statistical cutoff (—4.54<t>4.54,
p<0.001, uncorrected) and indicates areas with greater activation during self-referential processing of positive words than during self-referen-
tial processing of negative words, relative to the letter-recognition condition. In the right panel, blue highlighting shows contiguous voxels ex-
ceedingthe statistical cutoff (—4.54<t>4.54, p<0.001, uncorrected) and indicates areas with decreased activation during self-referential process-
ing of negative words, relative to the letter-recognition control condition. The y coordinates indicate the locations of the coronal slices.

meanings (7). All these tasks can be characterized as re-
quiring access to, or manipulation of, explicit representa-
tion of different aspects of the self and integration of these
aspects with emotional reactions and experience.

The new finding from this study is that the right dorso-
medial prefrontal cortex is activated during self-evalua-
tion regardless of whether the valence of the words is pos-
itive or negative. Unlike other works showing hemispheric
asymmetry in the mediation of positive and negative emo-
tions (5), we found no evidence for laterality effects due to
the valence of the emotional words.

A further finding is the difference in regions outside of
the prefrontal cortex that were identified with respect to
the self-referential processing of positive and negative
emotional words. The self-referential processing of nega-
tive words induced significant BOLD signal reduction in
the right inferior parietal lobe, the left and right insula,
and more posterior regions. One interpretation is that the
processing of negative words in the self-referential condi-
tion necessitated more cognitive effort than the process-
ing of positive words. This interpretation would be consis-
tent with recent suggestions by Pochon et al. (26) of a
negative modulation of limbic activity by task complexity.

The insula and parietal regions are also associated with
anxiety, depression, and provocation of feelings of sadness
(27), suggesting that these regions are more generally in-
volved in the integration of internal states. The present ex-
periment was not designed to elicit explicit emotional
feeling states in subjects. However, to avoid feeling emo-
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tions and maintain a self-protective mode, subjects may
have attempted to inhibit their emotional responses dur-
ing self-processing of negative words (28).

The dorsomedial prefrontal cortex and the adjacent an-
terior cingulate have direct reciprocal connections with
the inferior parietal cortex, dorsolateral prefrontal cortex,
and posterior cingulate. The dorsomedial prefrontal cor-
tex and the dorsal anterior cingulate also communicate
with the paralimbic structures, the ventromedial prefron-
tal cortex, and brainstem regions indirectly through the
rostral and subgenual cingulate areas (29). Therefore, by
virtue of the capacity to receive inputs from these limbic
and paralimbic regions and to project to other prefrontal
areas, the dorsomedial prefrontal cortex is a suitable re-
gion for integrating cognitive processing with emotional
reactions and experience.

The human “self model” is a theoretical construct com-
prising essential features such as feelings of continuity and
unity, experience of agency, and experience of a body-cen-
tered perspective (30). We propose that one specific role of
the right dorsomedial prefrontal cortex is to represent
states of an emotional episodic “self” and then to process
emotional stimuli with a personally relevant perspective.
This proposition is in line with studies showing activations
within both the left and right dorsomedial prefrontal cor-
tex during “theory of mind” tasks (31). Because emotions
generally signal issues related to the self, subjects may use
emotional cues during some theory of mind tasks to dif-
ferentiate self from other; this self-related emotional pro-
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cessing is indicated by an increase of activity in the right
dorsomedial prefrontal cortex.

This study had some limitations that must be consid-
ered in interpreting the findings. Owing to technical diffi-
culties, only 10 of the original 14 subjects were included in
the final analysis. Thus, the study group size may have
been underpowered to detect a valence effect. Further
studies with larger numbers of subjects are therefore
needed to confirm the results.

To assess self-processing within an emotional context,
we used an incidental encoding task in which subjects
made different evaluative judgments about emotional
words. Behavioral results showed that response times for
judging each word were similar in the self- and other-ref-
erential conditions. However, data on response reaction
times were available for only six subjects. Therefore, we
cannot definitely rule out the possibility that, because of
the small number of subjects, the differences in reaction
times may actually reflect real differences in brain activa-
tion between the self- and other-referential conditions.

Positive and negative emotional words were not matched
for the arousal associated with them. Negative stimuli are
typically more arousing than positive words, and fMRI
differences between the word types may be due to this
potential confound. However, we found that positive
words induced greater activation than negative words.
Moreover, self-referential processing of negative words
was associated with BOLD reductions in several regions,
an unlikely effect of emotional arousal, as suggested by
past observations (32).

To replicate our previous PET findings (13), we used the
same paradigm with emotional words for each condition.
Further studies including neutral words may help to con-
firm our findings on the role of the dorsomedial prefrontal
cortex in self-referential processing of emotional stimuli
with different valences.

In summary, our findings provide support for the in-
volvement of a widely distributed set of brain regions in
the processing of self-referential information. Among
these regions, the right dorsomedial prefrontal cortex ap-
pears most specific for the more subjective, perspective-
taking aspects involved in emotional evaluation. The
common role of the dorsomedial prefrontal cortex in eval-
uating both positive and negative stimuli further suggests
that the dysfunction of the dorsomedial prefrontal cortex
frequently reported in mood disorders (33) may subserve
the bias of emotional processing in depression.
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