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Objective: Increased amygdala response
to negative emotions seen in functional
MRI (fMRI) has been proposed as a bio-
marker for negative emotion processing
bias underlying depressive symptoms and
vulnerability to depressive relapse that
are normalized by antidepressant drug
treatment. The purpose of this study was
to determine whether abnormal amyg-
dala responses to face emotions in de-
pression are related to specific emotions
or change in response to antidepressant
treatment and whether they are present
as a stable trait in medication-free pa-
tients in remission.

Method: Sixty-two medication-free uni-
polar depressed patients (38 were cur-
rently depressed, and 24 were in remis-
sion) and 54 healthy comparison subjects
underwent an indirect face-emotion pro-

cessing task during fMRI. Thirty-two cur-
rently depressed patients were treated
with the antidepressant citalopram for 8
weeks. Adherence to treatment was eval-
uated by measuring citalopram plasma
concentrations.

Results: Patients with current depres-
sion had increased bilateral amygdala
responses specific to sad faces relative
to healthy comparison subjects and non-
medicated patients in stable remission.
Treatment with citalopram abolished
the abnormal amygdala responses to sad
faces in currently depressed patients but
did not alter responses to fearful faces.

Conclusions: Aberrant amygdala activa-
tion in response to sad facial emotions is
specific to the depressed state and is a po-
tential biomarker for a negative affective
bias during a depressive episode.

(Am ] Psychiatry 2012; 169:841-850)

Cognitive theories of depression suggest that symp-
toms arise from mood-congruent emotion processing
bias, whereby overly negative attention or interpretations
tend to favor negative emotional stimuli (1, 2). Previous
imaging studies have demonstrated that the amygdala
plays a key role in face-emotion processing (3-5). Several
studies have reported that depression is associated with
greater amygdala responses to negative (sad and fearful)
emotions in faces (6, 7). Furthermore, amygdala responses
to negative face emotions have been reported to be atten-
uated by antidepressant treatment in individuals with de-
pression (8); however, it remains uncertain whether these
changes are related to remission or to drug treatment (9)
and whether such changes apply to negative emotions
in general or only to specific emotions. The amygdala
is particularly sensitive to fearful faces, with greater re-
sponses to this emotion compared with responses to any
other face emotion (10). It is unclear from the literature

Am | Psychiatry 169:8, August 2012

whether the negative bias present in depression relates
to enhanced amygdala responses to fear or to sadness
(or both) or to attenuated responses to happy faces. In
a study of depressed patients, Sheline et al. (8) reported
increased amygdala response to fearful (and happy) faces
that decreased with antidepressant treatment. The finding
of increased amygdala activation in depressed patients in
response to fearful faces was replicated by the same group
of investigators (11, 12), but other studies have failed to
replicate this finding (13, 14). Most of the reports suggest
that amygdala responses to sad faces are exaggerated in
depression. In a recent article, Victor et al. (9) used a com-
bined cross-sectional and longitudinal design and found
greater amygdala responses to subliminal, but not overtly
presented, sad faces in currently depressed individuals
relative to healthy comparison subjects, and the inverse
was observed in response to happy faces. This is only in
partial agreement with the findings of several previous
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studies that reported enhanced amygdala activation in re-
sponse to both masked and unmasked sad faces (7, 15-21).
Victor et al. also reported that antidepressant treatment re-
versed the abnormal amygdala responses, which is consis-
tent with findings from previous functional MRI (fMRI) and
positron emission tomography (PET) pretreatment studies
(8, 15, 22-32); however, the relevance of this finding to the
mechanism of action of antidepressants is unclear, since
the authors also reported exaggerated responses to sad
faces in nonmedicated patients in remission. This may re-
flect biological differences in the targets of pharmacological
action and clinical improvement. For example, Suslow et al.
(7) reported that currently depressed patients receiving an-
tidepressant treatment had enhanced amygdala responses
to sad faces and blunted responses to happy faces, and Fu
et al. (33) reported that increased amygdala responses to
sad faces normalized in nonmedicated depressed patients
after their symptoms improved following treatment with
cognitive-behavioral therapy (CBT). In the present study,
we used an indirect face-emotion processing task in a com-
bined cross-sectional and longitudinal design to test the
hypotheses that negative bias in depression involves en-
hanced processing of both sad and fearful emotions and
that antidepressants induce remission by correcting these
biases. We predicted that currently depressed patients
would show greater amygdala responses to both sad and
fearful faces relative to healthy comparison subjects and
to untreated patients in stable remission and that the re-
sponses would normalize only in those patients achieving
remission while receiving antidepressant treatment.

Method

Participants

Sixty-two nonmedicated patients meeting DSM-IV criteria
for unipolar major depression (38 were currently depressed and
24 were in remission) and 54 healthy comparison subjects were
recruited for participation in the study (Table 1) (for details re-
garding patients’ medication history and medication-free period,
see the data supplement accompanying the online edition of this
article). Both patients and healthy comparison subjects were
screened with the Structured Clinical Interview for DSM-IV Axis
I Disorders (34). For patients, severity of illness was established
using the Montgomery-Asberg Depression Rating Scale (MADRS)
(35) and the seven-item Clinical Anxiety Scale, adapted from the
Hamilton Anxiety Rating Scale (36). Currently depressed patients
were required to have a MADRS score >20, and patients in remis-
sion were required to have a score <10. Patients were excluded
from analyses if they had a concurrent comorbid axis I psychiatric
disorder or primary cluster A or B axis II disorder. Exclusion cri-
teria for both patients and comparison subjects were as follows:
any unstable medical condition, neurological disorders, history
of significant head trauma, lifetime history of substance or alco-
hol abuse, and any contraindication to MRI scanning. For healthy
comparison subjects, a positive family history of psychiatric dis-
orders was an additional criterion for exclusion. IQ was assessed
using the Quick Test (37). Recruitment was conducted at the Uni-
versity of Manchester (United Kingdom). Informed consent was
obtained from all participants, and each individual was compen-
sated for participation in the study. The study was approved by
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the local research ethics committee and conformed to the prin-
ciples in the Declaration of Helsinki (38).

Longitudinal Analyses and Antidepressant Treatment

After initial assessment, 32 currently depressed patients were
treated with citalopram following a baseline MRI scan (visit 1)
and then returned for a second scan (visit 2) after 8 weeks. A co-
hort of 15 healthy comparison subjects also underwent two MRI
scans within an 8-week interval to control for potential nonspe-
cific order and test-retest effects. Citalopram hydrobromide (20
mg/day) was prescribed, and the dose could be increased to 40
mg after 4 weeks of treatment according to response. All currently
depressed patients had received a stable dose of citalopram for at
least 4 weeks prior to the second scan. Citalopram adherence was
assessed by measurement of citalopram plasma collected at the
time of the second scan. Participants for whom citalopram plas-
ma could not be detected were excluded from the visit 2 analyses
(see the online data supplement).

Indirect Emotion Processing Task

The fMRI task consisted of blocked presentation of faces with
happy, sad, fearful, and neutral emotions and rest blocks, with
each image presented on a back projection screen that was vis-
ible to the participant via two mirrors attached to the head coil.
Six faces (three were female faces) from a standardized series of
facial expressions were presented (39). Participants were unaware
of the hypotheses tested in the experiment and were required to
press a button to indicate whether the face presented was a male
or female face (see the online data supplement).

JFMRI Data Acquisition and Statistical Analysis

Data acquisition was performed at the Wellcome Trust Clinical
Research Facility (Manchester, United Kingdom). T,*-weighted
images were acquired using a Philips Intera 1.5-T MRI scanner
(Philips Healthcare, Andover, Mass.), with a single-shot gradient
echo planar sequence (TR=2.1 seconds, TE=40 msec). Functional
imaging data were analyzed using statistical parametric mapping
(http://www.fil.ion.ucl.ac.uk/spm). A block design was carried
out using the following contrasts: sad versus neutral faces and
fearful versus neutral faces, happy versus neutral faces and neu-
tral faces versus rest blocks. Whole-brain exploratory analysis was
initially performed with an uncorrected p value <0.001. As the
key prehypothesized brain region of interest, the amygdala was
explored using masks derived from the Wake Forest University
School of Medicine PickAtlas (Winston-Salem, N.C.) (40-43), with
a small-volume-corrected family-wise error threshold set at a p
value <0.05. Potential effects of clinical variables were explored
using statistical parametric mapping with correlation analyses
set at a p value <0.05 (family-wise error corrected) (see the online
data supplement).

JFMRI Behavioral Data

fMRI behavioral data, including accuracy in recognition of
emotional faces and reaction times in response to face emotions,
were recorded using E-Prime software (Psychology Software Tools,
Inc., Sharpsburg, Pa.) and analyzed using SPSS, version 15.0 (SPSS,
Inc., Chicago). Normally distributed demographic and clini-
cal data were analyzed using analyses of variance (ANOVAs) and
t tests as appropriate, and categorical variables were analyzed us-
ing chi-square tests.

Results

Details of the participants’ clinical characteristics are
summarized in Table 1. The groups did not differ signifi-
cantly in gender distribution or with regard to mean age,
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TABLE 1. Demographic and Clinical Characteristics of Nonmedicated Currently Depressed Patients, Depressed Patients in

Remission, and Healthy Comparison Subjects?

Currently Depressed
Patients (N=38)

Depressed Patients in
Remission (N=24)

Healthy Comparison
Subjects (N=54)

Characteristic Mean SD Mean SD Mean SD p
Age (years) 36.1 8.8 33.8 10.7 324 9.6 0.19
1Q 98.3 12.0 100.8 9.9 99.9 141 0.72
Age at onset (years) 21.9 8.2 245 10.0 0.29
Number of past episodes 33 3.0 2.90 2.4 0.55
Duration of episodes (weeks) 21.7 19.1

Montgomery-Asberg Depression Rating

Scale score 27.0 4.2 2.0 3.0 0.51 1.2 <0.001
Clinical Anxiety Scale score 7.7 4.2 0.75 1.2 0.2 0.5 <0.001

21Q score was not available for three participants (one currently depressed patient, one depressed patient in remission, and one healthy
comparison subject), and Montgomery-Asberg Depression Rating Scale and Clinical Anxiety Scale scores were not available for one healthy
comparison subject. The numbers of female participants in the currently depressed, depressed remission, and healthy comparison groups

were 25 (12%), 21 (6%), and 44 (20%), respectively.

IQ, number of episodes (for currently depressed and re-
mitted patients), and age at illness onset. All participants
were right-handed except four currently depressed pa-
tients and matched healthy comparison subjects.

JFMRI Behavioral Performance

In all of the comparisons, the participants did not dif-
fer with regard to accuracy in recognition of the sex of the
faces. Reaction times differed according to emotions
(F=4.11, df=2.63, 113, p=0.01) and group (F=3.76, df=2,
113, p=0.03), but no significant emotion-by-group inter-
action was observed. Healthy comparison subjects were
generally faster in face-emotion recognition than current-
ly depressed patients (p=0.02) and depressed patients in
remission (p=0.03). Pairwise comparisons indicated that
currently depressed patients were generally slower than
healthy comparison subjects in recognizing fearful faces
than in recognizing neutral (p=0.02) and happy (p=0.03)
faces.

FMRI Results

In an analysis of all participants across diagnostic
groups, emotional faces, compared with neutral faces,
elicited blood-oxygen-level-dependent (BOLD) responses
bilaterally in the occipital areas, fusiform gyrus, amygdala,
middle temporal gyrus, and frontal eye fields. There were
no group differences in the neutral versus rest contrast, in-
dicating that differences in responses to emotional faces
were a result of altered response to the emotion rather than
to the faces themselves (see the online data supplement).

Cross-Sectional Analyses

The full factorial ANOVA revealed an emotion-by-group
interaction in the right amygdala (Montreal Neurologi-
cal Institute [MNI] coordinates: x=21, y=0, z=—20; z=3.02;
p=0.02, family-wise error corrected). Exploring each emo-
tion separately revealed that this was a result of significant
group differences in response to sad faces only in this re-
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gion (MNI coordinates: x=32, y=0, z=-15; z=2.80; p=0.03,
family-wise error corrected). We further explored each
emotion versus neutral face-by-group interaction. Com-
pared with depressed patients in remission and healthy
comparison subjects, neural activity in currently de-
pressed patients was greater in the amygdala in response
to sad faces, whereas no statistical significance was ob-
served for attenuated responses to happy faces (Figure 1).
The ANOVA based on the sad-neutral contrast revealed a
significant group interaction in the right and left amygdala
(right: MNI coordinates: x=32, y=0, z=-15; z=2.99; p=0.02,
family-wise error corrected; left: MNI coordinates: x=—28,
y=0, z=-25; z=2.81; p=0.03, family-wise error corrected).

Post hoc analyses. Post hoc analyses were carried out to
investigate the pattern of neural responses across groups
for the sad-neutral contrast. Table 2 and Figure 2 demon-
strate that neural activity in currently depressed patients
was significantly increased in the amygdala bilaterally
relative to both depressed patients in remission (left: MNI
coordinates: x=-28, y=0, z=-25; z=3.36; p=0.006, family-
wise error corrected; right: MNI coordinates: x=32, y=0,
z=-15; z=3.60; p=0.002, family-wise error corrected) and
healthy comparison subjects (left: MNI coordinates: x=
-28, y=0, z=-25; z=2.73; p=0.03, family-wise error cor-
rected; right: MNI coordinates: x=21, y=0, z=—20; z=2.83;
p=0.03, family-wise error corrected).

Longitudinal Analyses

Thirty-two currently depressed patients treated with
citalopram returned for their second scan (mean MADRS
score: 6.4 [SD=5.6]; mean Clinical Anxiety Scale score:
1.25 [SD=1.7]), and 25 had achieved full remission (mean
MADRS score: 3.84 [SD=2.8]; mean Clinical Anxiety Scale
score: 0.7 [SD=1.1]). The mean citalopram plasma concen-
tration was 40.8 ng/ml (SD=21.1). Two remitted patients
with undetectable citalopram were excluded from the
visit 2 analyses, leaving 23 patients. Results for currently
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FIGURE 1. Emotional Versus Neutral Face-by-Group Inter-
action in Cross-Sectional Analyses of Currently Depressed
Patients, Depressed Patients in Remission, and Healthy
Comparison Subjects?
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@ Analysis of variance revealed a group interaction for the sad-neutral
contrast in the amygdala bilaterally (right: Montreal Neurological
Institute [MNI] coordinates: x=32, y=0, z=—15; z=2.99; p=0.02, fam-
ily-wise error corrected; left: MNI coordinates: x=—28, y=0, z=-25;
z=2.81; p=0.03, family-wise error corrected); no significant differ-
ences in neural activity were measured for the happy or fear versus
neutral contrasts. The three study groups are plotted against the av-
eraged percentage of blood-oxygen-level-dependent (BOLD) signal
change. Error bars indicate standard deviation. H-N=happy-neutral
contrast; S-N=sad-neutral contrast; F-N=fear-neutral contrast.

depressed patients and healthy comparison subjects
are presented in Table 2 and Figure 3. For healthy com-
parison subjects, no significant difference was seen in
amygdala responses to any emotion between visit 1 and
visit 2. Amygdala responses to fearful and happy faces
did not significantly change with treatment in currently
depressed patients; however, there was an attenuated re-
sponse to sad faces at visit 2 in the right and left amygdala
in patients who achieved full remission (right: MNI coor-
dinates: x=32, y=—4, z=-20; z=3.59; p=0.003, family-wise
error corrected; left: MNI coordinates: x=—28, y=0, z=-25;
z=3.03; p=0.02, family-wise error corrected). Including the
two patients for whom citalopram could not be detected
in their plasma at the second scan (N=25) and including
patients who did and did not remit (N=30) did not alter
these findings (see the online data supplement). In this
sample, there was an insufficient number of depressed
patients who did not achieve remission (those with poor
response or lack of response) to compare those who did
achieve remission with those who did not.
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Post hoc analyses. We compared neural activity in the
amygdala in response to face emotions in medicated cur-
rently depressed patients who had achieved full remis-
sion at visit 2 (N=23) relative to nonmedicated depressed
patients in remission (N=24). At visit 2, there was an ef-
fect of emotion in the right amygdala (MNI coordinates:
x=32, y=0, z=-30; p=0.02, family-wise error corrected),
which was driven by attenuated responses to faces in the
happy-neutral contrast in medicated patients in remis-
sion relative to nonmedicated patients in remission (MNI
coordinates: x=32, y=0, z=—30; p<0.05, family-wise error
corrected). There were no differences between the groups
in response to sad or fearful faces. Correlational analyses
in currently depressed patients did not demonstrate a sig-
nificant relationship between depression, anxiety sever-
ity, change in symptoms with treatment, or other clinical
variables and amygdala response to happy, sad, or fearful
faces or change in response with treatment. Exploratory
correlational analyses revealed that bilateral parahippo-
campal activation in response to sad faces negatively cor-
related with change in depression score (see the online
data supplement).

Discussion

The main finding of our study was that significantly in-
creased activity in the amygdala in response to sad but not
fearful faces was observed in currently depressed patients,
and this aberrant activation was normalized with success-
ful antidepressant treatment. No group differences were
observed in response to happy faces or in response to
simply viewing the faces themselves. Nonmedicated de-
pressed patients in remission did not differ from healthy
comparison subjects in any of their responses.

This study is the first, to our knowledge, to report amyg-
dala responses to both fearful and sad faces in the same
group of patients relative to healthy comparison subjects.
Contrary to our prediction, responses to fearful faces did
not differentiate depressed patients from healthy com-
parison subjects in any of the comparisons. Our findings
support a selective role of the amygdala in the processing
of sad faces in depression and in relation to improvement
of symptoms. Major depression presents with a variable
intensity of anxiety and frequently with comorbid axis I
anxiety disorders (44); however, the contribution of anxi-
ety symptoms to greater amygdala responses to fearful
faces remains poorly investigated (8, 11, 12). We excluded
patients with any comorbid anxiety disorder, and thus it is
possible that comorbid anxiety disorders may have con-
tributed to previous findings of increased amygdala re-
sponse to fearful faces in depressed patients (6, 12). This is
consistent with the findings of Fales et al. (12), who report-
ed that controlling for anxiety disorders abolished some of
the effects seen in the amygdala in depressed patients in
response to fearful faces. Similarly, increased activation in
this region in response to fearful faces was related to trait
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TABLE 2. Suprathreshold Increased Neural Activity in the Amygdala in Response to the Sad-Neutral Contrast in Cross-
Sectional and Longitudinal Comparisons in Currently Depressed Patients Relative to Nonmedicated Depressed Patients in

Remission and to Healthy Comparison Subjects

Montreal Neurological
Institute Coordinates

Comparison Region Voxels? p° v 2 z Score
Cross-sectional
Currently depressed > remitted depressed
Right 9 0.002 32,0,-15 3.60
Left 7 0.006 -28, 0, -25 3.36
Currently depressed > healthy comparison
Right 1 0.03 21, 0,-20 2.83
Left 1 0.03 -28, 0, -25 2.73
Longitudinal (visit 1-visit 2)¢
Currently depressed
Right 1 0.03 32,-4,-20 2.87
Left 0.05 -28,0,-25 2.61
Currently depressed in full remission
Right 10 0.003 32,-4,-20 3.59
Left 3 0.02 -28, 0, -25 3.03

2 The data depict the number of voxels greater than the family-wise error p value within the left and right amygdala small-volume correction.
Since up-sampling was not performed at the spatial normalization stage of preprocessing, the originally collected voxel size of 3.5 mmx3.5

mmx5 mm was used throughout all stages of analysis.

b The data represent a small-volume-corrected family-wise error threshold (p<0.05).
¢ Increased neural activity was greater and (bilaterally) statistically significant when analysis was restricted to currently depressed patients who
achieved full remission (N=23) (currently depressed patients who did and did not remit by visit 2, N=30).

anxiety in healthy comparison subjects in another study
(45) and to the severity of anxiety symptoms in a study of
children with generalized anxiety disorder (46).

Our findings suggest that the increased amygdala re-
sponses to sad faces were state anxiety-related in the cur-
rently depressed group, since this activation was abol-
ished after short-term citalopram treatment and was not
observed in nonmedicated patients in remission. This ob-
servation is consistent with findings from previous treat-
ment studies (8, 9, 15, 22-32). However, in a study by Victor
et al. (9), nonmedicated depressed patients in remission
were reported to have enhanced amygdala responses to
masked sad faces that were similar to responses in non-
medicated patients for whom successful treatment had
normalized the amygdala response. This contrasts with
our findings and could be interpreted as a direct effect
of antidepressant treatment masking a continuing ab-
normality that could confer vulnerability to depression.
Consistent with this are results from studies of both acute
(47) and repeated (48) administration of selective sero-
tonin reuptake inhibitors (SSRIs) in healthy volunteers
that have demonstrated attenuated amygdala responses
to fearful faces, indicating that there are direct effects of
SSRIs on amygdala responses to emotional faces. Howev-
er, this cannot explain our finding of similar amygdala re-
sponses between nonmedicated patients in remission and
healthy comparison subjects, and we previously reported
the same finding in a larger cohort of both medicated and
nonmedicated depressed patients in remission, which
included the patients reported in the present study (49).
However, there has been relatively little research of non-
medicated patients in remission. In a task using fearful
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faces, Norbury et al. (50) observed no alteration in amyg-
dala responses in nonmedicated patients in remission,
similar to our findings. Additionally, Fu et al. (33) reported
that improvement in depression following CBT normal-
ized pretreatment increased amygdala responses to sad
faces. In contrast, in a study using PET imaging in com-
bination with an indirect face-emotion processing task,
Neumeister et al. (51) observed increased metabolism in
the amygdala in response to sad faces in major depressive
disorder patients in remission. Thus, it is not currently
possible to fully reconcile the contradictory findings in
the literature, but one possible explanation could be the
face-emotion paradigm used and that a subliminal pre-
sentation is better able to uncover abnormal amygdala
sensitivity in individuals with remitted depression than an
indirect task in which the emotion can be recognized.

We did not observe significant differences between
groups in amygdala responses to happy faces in our cross-
sectional analyses. Other studies have not demonstrated a
consistent pattern of amygdala activation in response to
happy faces in depressed individuals, with results rang-
ing from no significant differences (17, 52) to attenu-
ated responses (8). Some studies have reported increased
amygdala responses following treatment (9, 17), whereas
we found no significant effect, and in fact the response ap-
peared to be lower in our patients (Figure 1). Thus, it is not
clear what role, if any, altered amygdala response to happy
faces plays in depression and response to treatment.

Given previous evidence for the attenuation in amyg-
dala responses to fear following repeated SSRI treatment in
healthy volunteers (47, 48) and acute citalopram adminis-
tration in comparison subjects and nonmedicated patients
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FIGURE 2. Neural Responses to the Sad-Neutral Contrast in the Left and Right Amygdala in Cross-Sectional Analyses of
Currently Depressed Patients, Depressed Patients in Remission, and Healthy Comparison Subjects®
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@ Post hoc analyses of the effect of group on the sad-neutral contrast revealed increased neural activity in the left and right amygdala in cur-
rently depressed patients relative to depressed patients in remission (right: Montreal Neurological Institute [MNI] coordinates: x=32, y=0,
z=-15; z=3.60; p=0.002, family-wise error corrected; left: MNI coordinates: x=-28, y=0, z=-25; z=3.36; p=0.006, family-wise error corrected)
and healthy comparison subjects (right: MNI coordinates: x=21, y=0, z=-20; z=2.83; p=0.03, family-wise error corrected; left: MNI coordi-
nates: x=-28, y=0, z=-25; z=2.73; p=0.03, family-wise error corrected). The three study groups are plotted against the averaged percentage
of blood-oxygen-level-dependent (BOLD) signal change (p=0.01). Error bars indicate standard deviation.

in remission (53), we expected to find attenuated responses
to this emotion in currently depressed patients treated with
citalopram compared with nonmedicated depressed pa-
tients in remission. A number of possible explanations exist
with regard to our finding of no differences between the two
groups. These possible explanations are that 1) there exists
a difference in amygdala modulation between patients with
a history of depression and healthy volunteers as a result
of chronic SSRI treatment in depressed patients; 2) there
is a disappearance of the effect with a longer duration of
treatment (8 weeks in the present study compared with 1-2
weeks in studies of healthy volunteers); or 3) the stage of re-
mission (early versus established) modulates the effect. The
one significant difference we observed between the groups
was a decreased right amygdala response to happy faces
in patients receiving the SSRI. While this may have been a
chance finding, a genuine difference could reflect the dif-
ference in the duration of remission, or more speculatively,
this could contribute to the poorly understood description
by some patients of a damping down of emotions with SSRI
treatment (54).

Victor et al. (9) reported group differences, similar to
those reported in our study, in a task using masked emo-
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tional faces but not when emotional faces were presented
without masking. The authors inferred that the emotional
biases in amygdala responses in depressed individuals are
automatic, below conscious awareness, and strengthened
by masking. This reasoning is in line with our results and
the findings of others (15) of robust differences in amyg-
dala response to sad faces in tasks using indirectly pre-
sented unmasked faces. The important factor may be that
both masked and indirect unmasked tasks reduce con-
scious attention to the emotional information in faces,
leaving automatic emotion processing to predominate.
In keeping with this theory, a recent study of depression
reported enhanced amygdala responses in depressed pa-
tients relative to comparison subjects only in response to
unattended (but not attended) fearful faces (12), although,
as discussed above, the enhanced responses to this emo-
tion may relate to an anxiety component rather than to
depression itself.

Although given the literature, our study was focused a
priori on the amygdala and its central role in emotion pro-
cessing, it is important to recognize that the amygdala is
part of a wider network involved in affective processing.
The amygdala is not a unitary structure, and topographi-
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FIGURE 3. Longitudinal Analyses of Citalopram-Treated Currently Depressed Patients and Healthy Comparison Subjects?
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@ Contrast plots depict change with antidepressant treatment in amygdala response to emotional relative to neutral faces in the whole group
of currently depressed patients analyzed (those who did and did not achieve remission, N=30). There was attenuation with treatment in the
sad-neutral condition in the whole group of currently depressed patients (right: Montreal Neurological Institute [MNI] coordinates: x=32,
y=-4, z=-20; p=0.03, family-wise error corrected; left: MNI coordinates: x=—28, y=0, z=-25; p=0.05, family-wise error corrected) and in
patients achieving remission (N=23), analyzed separately, in the same voxel bilaterally (right: MNI coordinates: x=32, y=—4, z=20; p=0.003,
family-wise error corrected; left: MNI coordinates: x=-28, y=0, z=-25; p=0.02, family-wise error corrected). Happy or fearful face contrasts
to neutral faces were not significantly different between groups in all cases. The overlays depict attenuated responses in the amygdala in the
sad-neutral condition (N=23) (p=0.01). Contrast plots depict change with treatment in amygdala response to emotional relative to neutral
faces in healthy comparison subjects (N=15) in the voxel that demonstrated a significant main effect of the fear-neutral condition across
both healthy subjects and currently depressed patients in the amygdala bilaterally (p<0.05, family-wise error corrected) (right: MNI coordi-
nates: x=21, y=—4, z=-20; left: x=21, y=—4, z=-20). Error bars indicate standard deviation. BOLD=blood oxygen level dependent; v1=visit 1;

v2=visit 2.

cally lateral nuclei receive sensory inputs with projections
to basolateral and central complexes involved in amyg-
dala efferents and emotional memory (4). Taking into ac-
count that our study did not have the spatial resolution
to explore regional activation within the amygdala, it is
of interest that we observed the greatest signal change in
lateral areas, similar to those reported by Victor et al. (9)
and consistent with an abnormality at the early stages of
information processing when sensory information is be-
ing integrated in emotion centers of the brain. Our whole-
brain analysis demonstrates, similar to other studies (9,
22), that the processing of sad facial expressions involves
a network that includes the amygdala, hippocampus/
parahippocampal gyrus, and insula, and it is known that
the anatomical pathways between the amygdala and hip-
pocampus play a role in encoding, retrieval, memory con-
solidation, and storage of emotional information (55, 56).
Additionally, decreased hippocampal volume has been
consistently reported in depression (57). While we did not
find that depression severity correlated with amygdala
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activation in response to sad or fearful faces, our explor-
atory analysis did reveal significant correlations between
anxiety and depression severity scores and BOLD signal
change in the parahippocampal gyrus (see the online data
supplement).

Strengths of this study include the large sample of cur-
rently depressed patients and depressed patients in remis-
sion, measures repeated in the same patients before and
after treatment, and control for nonspecific repetition ef-
fects by testing healthy comparison subjects over the same
interval. However, our study does have several limitations.
Currently depressed patients experienced symptoms in
the moderate range, and we did not include more severely
ill patients who may have shown a different pattern of ab-
normality. We also cannot be certain that the same results
would have been obtained using face-emotion tasks of a
different design. Further studies including masked expres-
sions of sadness and fear could help clarify the role of these
emotions in relation to pharmacological treatment and
clinical improvement. The implications of the findings with
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regard to vulnerability to depression and to the effect of
treatment itself are uncertain without studies of relatives of
depressed patients or studies of medicated and nonmedi-
cated depressed patients in remission at the same distance
in time from a depressive episode. We aimed to compare
patients who achieved remission with those who did not,
but our study had insufficient power to test this hypothesis.
Inspection of the data did not suggest a difference between
patients who achieved remission and those who improved.
A larger sample of patients who did not remit with treat-
ment is needed to separate the role of drug effects from the
effects of remission on face-emotion processing. Finally, a
placebo-treated group of depressed patients would allow
changes as a result of remission itself to be identified with-
out the confounding variable of drug treatment.

In conclusion, we have demonstrated that abnormal
amygdala responsivity to indirect processing of sad faces
in depression appears specific to this particular emotion
and that it is bilateral and appears to be a state, rather
than trait, abnormality. Further work is needed to deter-
mine how specific this is to unipolar depression compared
with other psychiatric disorders, such as bipolar depres-
sion. Our findings also raise a question about the validity
of the use of fearful face-emotion processing with the pa-
rameters we used as a biomarker for antidepressant action
in healthy volunteers, given that amygdala activation was
notrelated to state or trait depression or altered by antide-
pressant treatment in our sample.
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