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a b s t r a c t
Although amygdala and frontal lobe functional abnormalities have been reported in patients with mood
disorders, the literature regarding major depressive disorder (MDD) is inconsistent. Likely confounds include
heterogeneity of patient samples, medication status, and analytic approach. This study evaluated the
amygdala and frontal lobe activation in unmedicated MDD patients. Fifteen MDD patients and 15 matched
healthy controls were scanned using fMRI during the performance of an emotional face task known to
robustly activate the amygdala and prefrontal cortex (PFC). Whole-brain and region of interest analyses
were performed, and correlations between clinical features and activation were examined. Signiﬁcant
amygdala and lateral PFC activation were seen within patient and control groups. In a between-group
comparison, patients showed signiﬁcantly reduced activation in the insula, temporal and occipital cortices. In
MDD, the presence of anxiety symptoms was associated with decreased orbitofrontal activation. We found
robust activation in both the MDD and control groups in fronto-limbic regions with no signiﬁcant betweengroup differences using either analytic approach. The current study replicates previous research on
unmedicated subjects showing no signiﬁcant differences in amygdala function in depressed vs. control
subjects with respect to simple tasks involving emotion observation.
© 2010 Elsevier Ireland Ltd. All rights reserved.

1. Introduction
The lifetime risk for major depressive disorder (MDD) among
Americans is estimated at 16%, with as many as 7% suffering from
depression in any 1-year period (Kessler et al., 2003). While depression is
associated with substantial functional impairment (Wells et al., 1989;
Papakostas et al., 2004; Ormel et al., 2004; Katon et al., 2007; Ansseau
et al., 2009), the underlying pathophysiology of depression remains
unclear. The present study sought to evaluate amygdala and frontal lobe
function in MDD.
Brain imaging studies have revealed abnormalities in regional brain
functioning during episodes of depression. Speciﬁcally, positron
emission tomography (PET) (Drevets and Raichle, 1992) and some
functional magnetic resonance imaging (fMRI) studies of adults have
suggested dysfunction of the amygdala, a brain region involved in
emotional processing (Sheline et al., 2001; Fu et al., 2004; Anand et al.,
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Angeles, CA 90095-8346, United States. Tel.: +1 310 794 9911; fax: +1 310 794 9915.
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2005; Surguladze et al., 2005; Neumeister et al., 2006; Siegle et al.,
2007). The amygdala functions to process emotional stimuli and has
numerous connections with other brain regions that further process and
integrate this emotion information. Studies suggest that depression is
associated with increased negative evaluation of emotional stimuli and
a negative judgment bias (Dannlowski et al., 2007a,b; Suslow et al.,
2010a,b) which may be due to a hyperactivity of the amygdala. As such,
it is an important region to explore in determining the neural basis of
major depressive disorder. However, not all fMRI studies using tasks
known to activate the amygdala have found evidence of amygdala
dysregulation in depressed individuals [(Davidson et al., 2003; Irwin et
al., 2004; Beauregard et al., 2006; Johnstone et al., 2007; Fales et al.,
2008; Grimm et al., 2008) See Table 1 for summary of studies involving
unmedicated subjects]. In a review of the literature, Mayberg (2003)
concluded that while limbic–paralimbic areas including the amygdala
have been implicated in neuroimaging studies of depression, the
ﬁndings regarding amygdala function are variable and inconclusive.
Some of the conﬂicting ﬁndings may be due to the variability in the
medication status of study participants, as some antidepressant medications have been shown to impact brain activation (Sheline et al., 2001;
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Table 1
Amygdala ﬁndings in unmedicated individuals with Major Depressive Disorder: fMRI studies using emotional paradigms.
Authors

N

Emotional pictures: observe, match, or ID
Anand et al. (2005)
15 depressed, 15 NL controls
Davidson, et al. (2003)
(Fales et al., 2008)
Fu, et al. (2004)

12 depressed, 5 NL controls
27 depressed, 24 NL controls
19 depressed, 19 NL controls

Irwin et al. (2004)

Sheline, et al. (2001)

fMRI study: 12 depressed, 14 NL controls.
PET study 1: 10 depressed, 11 NL controls.
PET study 2: 18 depressed, 13 NL controls.
11 depressed, 11 NL controls

Dichter et al. (2009)

14 depressed, 15 NL controls

Emotional pictures: other tasks
Grimm, et al. (2008)
20 depressed, 30 NL control.
Johnstone, et al. (2007)
21 depressed, 18 NL controls
Other emotional paradigms
Beauregard, et al. (2006)
Siegle, et al. (2006)

12 depressed, 12 NL controls
14 depressed, 21 NL controls

Siegle, et al. (2007)

27 depressed, 25 NL controls

Paradigm

Method

Amygdala

IAPS (International Affective
Picture System)a
IAPSa
Emotional interference taskb
Gender Identiﬁcation in
viewing sad faces
IAPSa

ROI: L/R amygdala

↑

SPM: whole brain
ROI: L/R amygdala
SPM: whole brain

NS
NS
↑c

FMRI: ROI in amygdala
PET: ROI in amygdala

NS

Masked faces

ROI: amygdala

Observe sad faces

FSL: whole-brain

↑ left amygdala (Due to deactivation
in controls)
↑

IAPSd
IAPSd

SPM: whole brain
AFNI, FSL: whole brain

NS
NS

Sad ﬁlmse
Personal Relevant Rating Task
(PRRT)
PRRT

ROI: amygdala
ROI: amygdala

NS
↑ (due to deactivation in controls)

ROI: amygdala

↑ (due to deactivation in controls)

The table focuses on group differences in paradigm conditions most similar to the one employed in this study. The table does not include speciﬁcs on other aspects of the studies such
as connectivity analyses, treatment response, task performance, etc. The table does not include studies of adolescents or elderly adults and only includes studies that report group
differences in overall activation levels.
NL: normal.
a
Observe negative vs. neutral pictures condition reported.
b
Fearful vs. neutral faces condition reported.
c
At baseline, depressed subjects had increased facial-processing capacity (average difference between baseline trials and all facial trials) in left amygdala.
d
Negative vs. positive pictures condition reported.
e
Observe condition reported.

Davidson et al., 2003; Kasper and McEwen, 2008; Chen et al., 2008). In
addition, as depression is heterogeneous in its presentation (Kendler
et al., 1996; Chen et al., 2008), and as there is evidence that different
symptom proﬁles may be associated with varied patterns of brain
activation (Bench et al., 1993), possible differences in levels of depression
severity (Drevets et al., 2002; Kimbrell et al., 2002) or anxiety in study
participants may contribute to the inconsistent ﬁndings. Indeed, some
studies have found evidence that patients with anxiety disorders have
greater amygdala activation than those with MDD (Thomas et al., 2001)
and MDD subjects with anxiety disorders (Beesdo et al., 2009). As many
individuals with MDD also have anxiety symptoms, the present study
examined the impact of anxiety symptoms on amygdala activation in
depressed patients.
The current study examined amygdala activation in patients with
MDD who were not receiving any medications and evaluated the
association between depression severity, presence of anxiety symptoms
and brain activation. Amygdala activation levels were indexed using
fMRI in conjunction with an affective faces task known to robustly
activate fronto-limbic regions (Hariri et al., 2000, 2005). Based on
previous studies, we hypothesized that 1) unmedicated depressed
individuals would exhibit abnormalities in frontal-limbic regions, and
that 2) amygdala activation would be more pronounced in patients with
more severe depression or with more severe anxiety symptoms.
2. Method
2.1. Participants
The institutional review board at UCLA approved the study
protocol, and each subject provided written informed consent.
Subjects with MDD were recruited from the UCLA Mood Disorders
Clinic and from advertisements in local newspapers. Control subjects
were recruited by advertisement in local newspapers and campus
ﬂyers. Exclusionary criteria for all subjects were: taking medications

for any medical reasons including but not limited to psychiatric
medications; left handedness, hypertension, any metal implants, or
history of skull fracture or head trauma with loss of consciousness for
longer than 5 min.
All subjects underwent the Structured Clinical Interview for DSM-IV
(SCID) (Spitzer et al., 1992). For unipolar depressed subjects, other Axis I
comorbidities were assessed (including anxiety disorder diagnoses but
not the presence of anxiety as a symptom of depression), and those with
active Axis I comorbidities were excluded. Control subjects were
excluded if they met criteria for a current or past psychiatric diagnosis,
including substance abuse. On the day of the scan, mood symptoms were
rated in the depressed subjects using the Hamilton Depression Rating
scale (21 item) (HAMD) (Hamilton, 1960) to assess for current severity
of depression. Subjects were assessed for the presence and severity of
anxiety symptoms using the psychic and somatic items of the HAMD.
In total, 17 MDD subjects were scanned. Two were excluded from
further analysis due to data loss of one and a brain cyst in the other. Thus,
15 unmedicated subjects [6 (40%) women] with major depressive
disorder, currently depressed, and 15 age- and gender-matched control
subjects [6 (40%) women] were used in the ﬁnal analysis. The mean age
for the 15 depressed subjects was 45.6 ± 11.2 years and the mean age for
the 15 control subjects was 44.8 ± 11.7 years. (t = 0.16, P = 0.88). The
mean duration of illness for the depressed subjects was 1–40 years.
(median = 14.7 years). Subjects had a range of prior number of
depressive episodes from 1 to 8. At the time of the scan, all subjects
were free from taking any psychotropic medications for at least 1 month,
and 6 subjects had never received antidepressant medication. HAMD (21
item) scores were 20.1 ± 4.9 for the depressed subjects on the day of the
scan session. See Table 2 for complete demographic information.
2.2. Imaging procedure
MRI scans were obtained on a 3-Tesla Siemens Allegra scanner
(Erlangen, Germany). Functional MRI scanning was conducted with
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Table 2
Subject Demographics.
Control
subjects

MDD subjects

n
Gender (F/M)
Age (mean ± SD)*
Illness duration (range)

15
6/9
44.8 ± 11.7
–

Prior # of episodes (median)
Duration of current episodes (mean ± SD)
Duration of illness (mean ± SD)
HAMD score (mean ± SD)

–
–
–
–

15
6/9
45.6 ± 11.2
1-40 years
(median = 14.7 years)
3
2.2 ± 2.7 years.
14.7 ± 13.3 years
20.1 ± 4.9

the subjects supine, utilizing a single-channel head coil and a
gradient-echo, echo planar imaging (EPI) acquisition sequence. A
sagittal scout (T2-weighted) was obtained to identify locations for
both structural and functional images. EPI high-resolution structural
images consisting of 28 slices (TR/TE = 4000/54 ms, 3 mm thick,
1 mm gap, matrix 1282, FOV = 20 cm) encompassing the entire
cerebrum were obtained co-planar to the functional imaging scans.
We evaluated the Blood Oxygenation Level Dependent (BOLD)
contrast using a T2-weighted EPI gradient-echo pulse sequence
(TR = 2500, TE = 35, Flip-Angle = 90, Matrix = 64 × 64, ﬁeld of
view = 24 cm × 24 cm, in-plane voxel size = 3.75 mm × 3.75 mm,
slice thickness = 3 mm, 1 mm intervening spaces and 28 total slices).
Total scanning time was approximately an hour.
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top of the screen and matching it with 1 of 2 other affective faces at the
bottom of the screen. The other 2 blocks (“identify emotion”) consisted
of subjects viewing a target affective face at the top of the screen and
matching it with 1 of 2 word choices (e.g., “sad,” “angry”) identifying the
emotion of the target face at the bottom of the screen. For each affect
condition, 12 different images portraying only negative facial emotions
of either anger or fear were used [6 per block, 3 of each gender, all
derived from a standard set of pictures of facial affect (Eckman and
Friesen, 1976)]. The use of this picture set has recently been
demonstrated to activate the amygdala in subjects with MDD
(Dannlowski et al., 2007c, 2008).
The displayed emotions were randomized across blocks and the
order of task presentation was balanced equally in the patient and
control subjects. Between “match” and “identify” affect conditions,
subjects performed a control task where they matched an elliptical
form at the top of the screen with 1 of 2 other forms presented in the
same or a different orientation at the bottom of the screen (“match
forms”). This study examined the “match emotion” and “match forms”
(“match emotion” minus “match forms”) conditions, a contrast shown
to demonstrate robust amygdala activation in normal subjects (Hariri
et al., 2000, 2005).
2.4. fMRI and behavioral analysis
2.4.1. Behavioral analysis
During imaging, subjects responded by pressing a button box with
their right hand. Response times and accuracy were collected for all
subjects. Differences between groups for both accuracy and response
time were assessed with a mixed effects analysis of variance model.

2.3. Activation task
We utilized a face-matching paradigm previously validated in
normal control subjects (Hariri et al., 2000, 2005) that showed robust
activation of the amygdala and frontal lobe. The paradigm consisted of 3
different experimental conditions (“match emotion,” “identify emotion”
and “match forms”) and included 9 experimental blocks: 4 blocks
presented faces with negative affect (either fearful or sad) and 5 were
control blocks presenting geometric forms (Hariri et al., 2000, 2005;
Fig. 1). Each block lasted 32.5 s for a total scan length of 4:53 min. Of the
4 blocks involving experimental affective faces, 2 blocks (“match
emotion”) consisted of subjects viewing a target affective face at the

2.4.2. Whole-brain analysis
Functional images were examined closely for severe motion or
spike artifacts. All subjects with more than half a voxel of motion
(b1.5 mm) were excluded. fMRI data processing was carried out using
FEAT (FMRI Expert Analysis Tool) Version 5.91, part of FSL 4.0
(FMRIB's Software Library, www.fmrib.ox.ac.uk/fsl). The following
pre-processing methods were applied: motion correction using
MCFLIRT (Motion Correction FMRIB's Linear Image Registration
Tool) (Jenkinson et al., 2002); non-brain removal using BET (Brain
Extraction Tool) (Smith, 2002); spatial smoothing using a Gaussian
kernel of FWHM 5 mm; grand-mean intensity normalization of the

Fig. 1. The emotional face-matching paradigm.
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entire 4D dataset by a single multiplicative factor; high-pass temporal
ﬁltering (Gaussian-weighted least-squares straight line ﬁtting, with
sigma = 65.0 s). Time-series statistical analysis was carried out using
FILM (FMRIB's Improved Linear Model) with local autocorrelation
correction (Woolrich et al., 2001). Registration to high-resolution
structural and standard space images was carried out using FLIRT
(FMRIB's Linear Image Registration Tool) (Jenkinson and Smith, 2001;
Jenkinson et al., 2002), using 7 degrees of freedom to register
functional images to subject's high-resolution structural images and
12 degrees of freedom to register those high-resolution images to
standard space. All registrations were manually inspected to ensure
proper registration. Higher-level statistical analyses for within- and
between-group analyses were carried out using FLAME (FMRIB's Local
Analysis of Mixed Effects) (Beckmann et al., 2003; Woolrich et al.,
2004). Within-group results were reported using a cluster-based
model with Z N 2.3 (Hochberg and Benjamini, 1990; Friston 1997;
Worsley et al., 1997). The resulting clusters were then tested for
signiﬁcance using random ﬁeld theory with a ﬁnal signiﬁcance test of
P N 0.05, corrected for multiple comparisons (Genovese et al., 2002).
2.4.3. ROI analysis
We preformed two regions of interest (ROI) analyses, using both a
structural and functionally-deﬁned ROI. A structural ROI analysis was
performed for our a priori regions [i.e., amygdala and orbitofrontal
cortex (OFC) which consists of BA47] using structural masks provided
by the Harvard–Oxford Cortical and Subcortical Structural Atlases, part
of FSL 4.0. The OFC was selected because of its extensive connection to
limbic structures including the amygdala, as well as its hypothesized
role in the literature in depression (Drevets, 2007) and in emotion
processing (Rudebeck et al., 2008). For the OFC, we used the
structurally-deﬁned the inferior frontal gyrus, the pars orbitalis, from
the atlas. Separate ROI analyses were additionally performed using
functionally-deﬁned ROIs. These ROIs were created in the left amygdala
(x= −20, y = −5, z = −16) and the right amygdala (x= 27, y =−3,
z = −20) using an average of the maximally activated voxels for the
control and depressed groups and dilating a 5 mm sphere around this
point. ROIs for left BA47 (x= −40, y = 27, z = −10) and right BA47
(x= 41, y = 29, z = −10) were drawn similarly, using the average of
the maximally activated voxels in the two groups and dilating a 5 mm
sphere around this point. This frontal region was selected based on its
connections with the amygdala and its role in emotion regulation
processes (Hariri et al., 2000, 2005). The time course from each of these
ROIs was extracted separately for each subject and used for the
calculation of mean percent signal change using FEATQuery. Potential
group differences were ascertained using pair-wise two-sample t-tests.

Two ROI analyses were performed. First, a direct comparison was
made between controls and patient groups using an unadjusted
α = 0.05 due to the small number of a priori hypotheses regarding the
amygdala and BA47. Next a sub-analysis was done involving the
depressed group, evaluating possible differences in those with and
without somatic anxiety symptoms, described below.
2.4.4. Correlations of depression/anxiety symptoms with fMRI ﬁndings
To examine the potential relationship between depression symptom severity and regional brain activations, we entered results from
the second-level (within-group) analysis into a covariate analysis. In
this analysis, raw HAMD values were de-meaned (that is, the scores
were entered as deviations from the group mean) and entered into a
correlation analysis. Additional analyses were performed investigating
potential differences in brain activation based on the presence of
anxiety symptoms in depressed patients using the two subscores from
the HAMD that assessed somatic and psychic anxiety, the HAMD-17,
Item 10 [psychic anxiety], Item 11 [somatic anxiety]. As all patients
reported psychic anxiety symptoms and in approximately the same
range, there was too little variance in scores on these items to provide
either a meaningful correlation analysis or even a subgroup analysis
(presence or absence of psychic anxiety symptoms). However, somatic
anxiety was present in 6 subjects and absent in the other 9, allowing us
to perform direct group comparisons using a whole-brain analysis.
Two-tailed t-tests were also performed on the amygdala ROI results of
these 2 subgroups of depressed subjects to investigate possible effects
of somatic anxiety symptoms on amygdala activation.
3. Results
3.1. Behavioral results
Both groups performed the emotional face-matching task with
high accuracy. The average accuracy for the control group was 93.6% ±
5.9% and for the unipolar depressed group was 92.8% ± 3.3%. There
were no signiﬁcant group differences in accuracy. The average reaction
time for the control group was 1.64 ± 0.39 s and for the unipolar
depressed group was 1.81 ± 0.23 s. Again, there were no signiﬁcant
differences between groups.
3.2. Within-group results: whole-brain analyses
Control subjects (Fig. 2a) exhibited signiﬁcant activation in typical
emotional and facial-processing regions including the bilateral
inferior frontal gyri (BA 47) (x = −44, y = 28, z = − 14, Z = 4.16;

Fig. 2. Within-group analysis during the faces task: match faces vs. match forms (control) task, from slices z = − 24 through z = 4, reveals extensive activation in both (a) control and
(b) unmedicated unipolar depressed subjects. These activations include bilateral inferior frontal cortex (BA47) and bilateral amygdala for both control and patient groups.
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x = 48, y = 40, z = −14, Z = 3.58), the bilateral amygdala (x = −18,
y = −4, z = − 16, Z = 4.05; x = 26, y = −4, z = −18, Z = 4.58), the
fusiform gyrus (BA 19) and the bilateral occipital gyri (BA18/19).
Other regions activated were the left temporal lobe (BA 21 and BA22),
the right middle frontal gyrus (BA10 and BA46) and the left medial
frontal gyrus (BA6). Depressed subjects (Fig. 2b) similarly demonstrated signiﬁcant activation in the bilateral inferior frontal gyri (BA
47: x = − 36, y = 26, z = − 6, Z = 4.75; x = 34, y = 18, z = − 6,
Z = 4.55), the lateral frontal cortex (BA44/45), the bilateral amygdala
(x = − 22, y = − 6, z = − 16, Z = 3.83; x = 28, y = − 2, z = − 22,
Z = 4.20), the bilateral middle frontal gyrus (BA46) and the bilateral
occipital gyri (BA 18/19). Other activated regions included the lateral
medial frontal gyrus (BA 46), the left middle temporal gyrus (BA21/
22), the right thalamus and the bilateral hippocampi.
3.3. Between-group results: whole-brain analyses
No signiﬁcant between-group differences in activation were
observed in either of our a priori regions, the amygdala or BA47.
However, control subjects showed a signiﬁcantly greater activation
than unipolar depressed subjects in a number of brain regions in the
right hemisphere, including the insula, inferior and middle temporal
gyri (BA20, BA21, BA 37), the hippocampal gyrus, the putamen, the
occipital gyrus (BA18), the fusiform gyrus and the cerebellum (Fig. 3;
Table 3). In the reverse comparison, there were no areas of
signiﬁcantly greater activation in the unipolar depressed group vs.
the control group.
3.4. ROI analysis of the amygdala and lateral OFC (BA47)
Results from our ROI analyses of the lateral OFC (BA47) showed no
differences between the groups in activation using functionallydeﬁned ROI on the left (t = 0.82, df = 28, P = 0.42) or right (t = 0.42,
df = 28, P = 0.68). Similarly, no signiﬁcant differences were found
using structurally-deﬁned ROIs in left BA47 (t = 0.001, df = 28,
P = 0.99) or right BA47 (t = 0.10, df = 28, P = 0.92). For the amygdala
ROIs there was evidence of unequal variances between groups, with
greater variance in the depressed than control subjects (right
amygdala F = 3.75, df = (14, 14) P = 0.02; left amygdala F = 4.01,
df = (14,14), P = 0.02). We therefore used Welch's two-sample t-test,
which allows for unequal variances, for comparisons of mean
activation. As in the lateral OFC there were no differences between
control and depressed subjects on either the left (t = 0.61, df = 20.6,
P = 0.55) or right (t = 0.68, df = 21, P = 0.51) using the functional ROI
(Fig. 4). Similarly, a structurally-based ROI showed no signiﬁcant
differences between control and depressed subjects in left (t = 1.07,

Table 3
Between-group analysis of faces task: match faces vs. match forms (control) task.
Regions of signiﬁcantly greater activation in control vs. depressed subjects
x

y

38
32

− 12
− 24

−4
10

3.17
2.54a

Temporal lobe
Right MTG (BA 21)
Right MTG (BA 37)
Right ITG (BA20)

60
56
56

− 32
− 54
− 10

−8
−6
− 18

3.95a
3.36a
2.76a

Occipital lobe
Right OG (BA 18)
Right LG (BA 18)

34
10

− 90
− 60

2
4

Subcortical
Right HG (BA36)
Right HG (BA36)
Right putamen
Right cerebellum

24
36
28
22

− 32
− 26
− 12
− 52

−8
− 20
0
− 24

Frontal lobe
Right insula

z

Z stat

3.2a
3.26

3.03
2.24
2.58a
3.06a

MTG: medial temporal gyrus.
ITG: inferior temporal gyrus.
OG: occipital gyrus.
LG: lingual gyrus.
HG: hippocampal gyrus.
a
Denotes additional regions within 10 mm in any direction.

df = 21, P = 0.30) or right (t = 0.83, df = 20, P = 0.41) amygdala.
Finally, because the small sample sizes made the assumption of
normality difﬁcult to test, we repeated our analyses using the nonparametric Wilcoxon rank-sum test and again found no evidence of
group differences in any of the regions.
3.5. Correlations between depression severity, anxiety and brain activation
After performing a covariate analysis, there were no signiﬁcant
correlations between HAMD (21) scores and whole-brain activation
for the “match emotions” vs. “match forms” contrast.
Further, there were no signiﬁcant differences in ROI amygdala
activation results between anxious (n = 6) and non-anxious (n = 9)
depressed subjects with high somatic anxiety (n = 6) vs. low somatic
anxiety (n = 9) in the amygdala region on either the right (t = 0.64,
df = 13, P = 0.54) or left (t = −0.77, df = 13, P = 0.46). However, the
anxious subgroup showed less activation in left OFC (BA47) in a
whole-brain between-group analysis of these two subgroups (Fig. 5).
As these groups were relatively small, this warrants further study.

Fig. 3. Between-group results show signiﬁcant differences in right temporal and right occipital regions, but not in a priori regions of the amygdala or OFC (Z N 2.0, P = 0.05 corrected).
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Fig. 4. ROI analyses in bilateral amygdala and bilateral BA 47 reveal no signiﬁcant
differences between groups, supporting the lack of signiﬁcant differences in these
regions seen in the whole-brain between-group analysis.

4. Discussion
This fMRI study examined unmedicated subjects with major
depressive disorder and control subjects using a face-matching
paradigm previously shown to activate the amygdala and lateral OFC
(BA47). We found evidence of robust activation in both the control and
depressed groups in the amygdala and our a priori lateral OFC region of
interest (BA47). Between-group analyses, however, revealed no
signiﬁcant differences in activation in these brain regions in subjects
with major depressive disorder and normal controls.
Our ﬁnding of no signiﬁcant differences in amygdala activation
between groups (and in particular the lack of hyperactivation of the
amygdala in the depressed subjects as compared to controls) are
consistent with other studies in the literature. A lack of amygdala
differences between MDD patients and control subjects has been
reported in studies of medicated depressed subjects (Lawrence et al.,
2004; Almeida et al., 2010). Other fMRI studies, like our current study,
have found robust amygdala activation in unmedicated depressed
individuals (Davidson et al., 2003; Irwin et al., 2004; Beauregard et al.,
2006; Johnstone et al., 2007; Fales et al., 2008; Grimm et al., 2008),
with no signiﬁcant difference in activation compared to control
subjects. To our knowledge, of the 11 studies in the literature that
report on amygdala activation in unmedicated subjects with MDD
using emotional paradigms, 6 found no group differences using tasks
similar to the one used here (Davidson et al., 2003; Irwin et al., 2004;
Beauregard et al., 2006; Johnstone et al., 2007; Fales et al., 2008;
Grimm et al., 2008). Six other studies reported increased amygdala
activation among depressed individuals (Sheline et al., 2001; Fu et al.,
2004; Anand et al., 2005; Siegle et al., 2006, 2007; Dichter et al., 2009;
see Table 1 for a review). Of the 6 studies reporting increased
amygdala activation in depressed subjects, a closer inspection reveals
that in 3 of the studies where signiﬁcant between-group differences
were found (Sheline et al., 2001; Siegle et al., 2006, 2007), a lack of
activation or deactivation in the amygdala of the control subjects–

rather than an increase in amygdala activation in the depressed
subjects–appears to account for the between-group differences. As
emotional tasks such as those used here usually show robust
amygdala activation in normal samples (Hariri et al., 2000, 2005), it
may be difﬁcult to interpret and generalize from studies in which the
results may be driven by decreased activation among controls.
Additionally, one of the 3 studies used only sad faces as stimuli
(Dichter et al., 2009), unlike the current study, which suggests that
the use of different negative emotional faces may inﬂuence the
amygdala activation patterns seen in MDD.
Of the 6 studies that found no signiﬁcant difference between
depressed and control subjects during tasks similar to this study, 2 did
show increased amygdala activation in depressed subjects upon
further cognitive challenge with more complex tasks, such as when
directed to either ignore or attend to emotional stimuli (Fales et al.,
2008), or to suppress emotional response (Beauregard et al., 2006). As
amygdala and frontal activation patterns vary as a function of complex
tasks (in adults) and as a function of face type and attention focus (in
adolescents) (McClure et al., 2007; Beesdo et al., 2009), future
research should examine such variations of emotion-focused paradigms in order to capture a more complete picture of brain activity
during depression.
In a critical review of work in this area, Mayberg (2003) suggested
that the use of different analytic strategies (i.e., voxel-wise versus
region of interest) might also contribute to the variation in amygdala
ﬁndings. The current study attempted to address this concern by
conducting both whole-brain analyses and ROI analyses of the
amygdala and OFC, and by deﬁning the ROI structurally and
functionally in light of preliminary evidence that functional and
anatomical ROIs may yield slightly different results (Siegle et al.,
2007). In our analyses, no signiﬁcant differences between groups
were found, regardless of the analytic strategy employed. Despite
employing 15 subjects in each group, a number similar to most other
studies of this population in the literature, no signiﬁcant betweengroup differences were found in the amygdala or OFC. Mayberg
(2003) noted that some of the variability in ﬁndings of neuroimaging
studies of depression might be due to the inclusion of patients with
diverse symptom presentations or chronicity of illness. Indeed, given
the heterogeneity of major depressive disorder (Kendler et al., 1996;
Chen et al., 2000a,b), it is possible that different studies inadvertently
capture heterogeneity in either chronicity or symptoms. Interestingly,
the current study did ﬁnd greater variance in amygdala activation in
depressed patients as compared to controls and we sought to evaluate
whether depressive symptom severity contributed to this. Our
ﬁndings revealed that HAMD scores were not correlated with
amygdala activation or any other region during this task. Other
factors may need to be evaluated in larger sample sizes to further
explore the reason for this variance.
Between-group differences revealed signiﬁcantly increased right
hemisphere activation among controls as compared to depressed
patients in the insula, middle temporal gyrus (BA21), occipital gyrus
(BA18), hippocampal gyrus and cerebellum. The insula has connections to the amygdala, along with other prefrontal regions (Stein et al.,

Fig. 5. MDD subjects without somatic anxiety symptoms (n = 9) showed greater activation than MDD subjects with somatic anxiety symptoms (n = 6) in left BA47, the only region of
signiﬁcant difference between these groups (corrected P = 0.05, Z N 1.7).
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2007) and is part of the fronto-limbic circuit which is hypothesized to
be dysfunctional in depression. Findings of past research are also
varied with respect to insula activation in depressed subjects. While
some emotional activation studies of non-medicated individuals
replicate the current study's ﬁnding of reduced insula activation in
depressed patients (Davidson et al., 2003), others report greater
insula activation in depressed individuals (Fu et al., 2004; Anand et al.,
2005), and others ﬁnd mixed results depending on the speciﬁc
condition (Grimm et al., 2008). Again, although BA21 was not an a
priori region, the right lateral and inferolateral temporal lobe are
important for visual processing of negative emotions from faces and
are part of the network that supports social cognition and social
perception (Pelphrey and Carter, 2008). In a study by Rosen et al.
(2006), lower recognition for negative facial expressions, correlated
with regional decreases in GM tissue content in the right middle
temporal gyrus (BA21) and right lateral inferior temporal gyrus
(BA20). Speciﬁc anomia for emotional facial expressions has also been
reported in patients with damage to the right middle temporal gyrus
(Rapcsak et al., 1993). These data suggest that regions in the right
temporal cortex may be important for visual processing of negative
emotions.
While amygdala activation did not differ between the anxious and
non-anxious depressed subgroups, differences were found in other
regions between these subgroups. Preliminary results indicated that
the subgroup of anxious depressed subjects exhibited reduced BA47
and BA10/11 activity compared to the non-anxious depressed
subjects. The different patterns of activation for the anxious and
non-anxious subgroups seen in our small sample may help further our
understanding of the disparate ﬁndings reported in BA47 activation in
depression. While there is evidence of dysregulation in BA47 and,
more generally, the orbitofrontal cortex in depression (Drevets,
2007), a recent review concluded that the direction of the effect
(i.e., “overactive” vs. “underactive”) is inconsistent across previous
studies (Steele et al., 2007). At least one recent study did not ﬁnd
overall differences in BA47 activation between depressed patients and
controls (Johnstone et al., 2007), similar to the present study. Future
fMRI research may help clarify inconsistent ﬁndings in this frontolimbic circuit by examining brain activation in depressed individuals
with more homogeneous symptom proﬁles (e.g., anxiety or atypical
symptoms).
Although the current study suggests intact functioning of the
amygdala in depression, it is also important to examine functional
relationships between the amygdala and other brain regions in future
connectivity studies. Examination of connection between the amygdala and frontal region was beyond the scope of the present study and
is the focus of future work by our group. Thus, over-interpretation of
ROI results in these 2 closely linked regions is cautioned against. Given
some evidence that neural circuits involving the amygdala may be
dysfunctional in depression (Anand et al., 2005; Johnstone et al.,
2007; Siegle et al., 2007; Anand et al., 2007; Chen et al., 2007), future
research should examine amygdala structural and functional connectivity with other brain regions in depressed individuals.
The current study has a number of strengths, including examination of depressed individuals not taking antidepressant medication,
examination of subgroups of depressed patients with high and low
levels of anxiety symptoms, and the use of varied analytic methods,
including whole-brain and both structurally and functionally-deﬁned
ROI analyses. Yet, certain limitations should be addressed by future
research. First, the varied amygdala ﬁndings reviewed above, in
combination with the greater variance in amygdala activation among
depressed individuals found in the current study, suggest that other
variables in our sample may moderate depressed patients' responses.
For example, it is possible that a “ceiling” effect made it difﬁcult for the
current study to detect increased amygdala activation in depressed
individuals, as compared to controls. There is evidence from PET
studies that depressed individuals exhibit increased amygdala
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activation even when in a resting state (Drevets et al., 1992; Davidson
and Irwin, 1999; Drevets, 2000, 2001; Grady and Keightley, 2002;
Smith and Cavanagh, 2005). As such, it may have been difﬁcult to
capture group differences in activation in response to a task if
depressed individuals were already exhibiting increased amygdala
activation before the task began. Additionally, the current study's
modest sample size prevented it from examining a wide variety of
potential moderators, but this represents an important direction for
future research. This sample size also limited our ability to examine
more subgroups of depressed patients with different symptom
proﬁles. Additional limitations included the use of self-report for
medication-free status and lack of data on the use of over the counter
medication in our sample.
Despite these limitations, the current fMRI study provides evidence
that patterns of brain activation in response to an emotional facematching paradigm are quite similar in depressed individuals and
healthy controls, with both groups exhibiting robust activation in the
amygdala and BA47. Much of the literature, including the current study,
does not support an over-activated amygdala in unmedicated depressed
patients in response to emotional tasks such as emotional classiﬁcation
of faces.
Acknowledgments
We are grateful for funding from the Stein Oppenheimer Foundation
which supported this research. For generous support the authors also
wish to thank the Brain Mapping Medical Research Organization, Brain
Mapping Support Foundation, Pierson-Lovelace Foundation, the
Ahmanson Foundation, the William M. and Linda R. Dietel Philanthropic
Fund at the Northern Piedmont Community Foundation, the Tamkin
Foundation, the Jennifer Jones-Simon Foundation, the Capital Group
Companies Charitable Foundation, the Robson Family and the Northstar
Fund. The project described was supported by Grant Numbers RR12169,
RR13642 and RR00865 from the National Center for Research Resources
(NCRR), a component of the National Institutes of Health (NIH); its
contents are solely the responsibility of the authors and do not
necessarily represent the ofﬁcial views of NCR or NIH. Cyberonics, Eli
Lilly and Company, Forest Laboratories, Janssen, Neuronetics, Scale
Venture Partners, and the U.S. Department of Justice; and has been a
member of the speakers bureau for Bristol-Myers Squibb, CME LLC,
Medical Education Speakers Network, Pﬁzer, and Wyeth. Dr. Cook is not
a shareholder in any pharmaceutical or medical device company; his
patents are assigned to the University of California. In the past 5 years,
Dr. Altshuler has received grant support from Abbott Laboratories;
honoraria from Abbott Laboratories, Forest Laboratories and GlaxoSmithKline; has served on advisory boards for Abbott Laboratories and
Forest Laboratories; and has been a member of the speakers bureau for
Forest Laboratories and GlaxoSmithKline. Dr. Altshuler is not a
shareholder in any pharmaceutical or medical device company. The
remaining authors have no conﬂicts of interest to declare.
References
Almeida, J.R., Versace, A., Hassel, S., Kupfer, D.J., Phillips, M.L., 2010. Elevated amygdala
activity to sad facial expressions: a state marker of bipolar but not unipolar
depression. Biological Psychiatry 67, 414–421.
Anand, A., Li, Y., Wang, Y., Wu, J., Gao, S., Bukhari, L., Mathews, V.P., Kalnin, A., Lowe, M.J.,
2005. Activity and connectivity of brain mood regulating circuit in depression: a
functional magnetic resonance study. Biological Psychiatry 57, 1079–1088.
Anand, A., Li, Y., Wang, Y., Gardner, K., Lowe, M.J., 2007. Reciprocal effects of
antidepressant treatment on activity and connectivity of the mood regulating
circuit: an FMRI study. The Journal of Neuropsychiatry and Clinical Neurosciences
19, 274–282.
Ansseau, M., Demyttenaere, K., Heyrman, J., Migeotte, A., Leyman, S., Mignon, A., 2009.
Objective: remission of depression in primary care The Oreon Study. European
Neuropsychopharmacology: The Journal of the European College of Neuropsychopharmacology 19, 169–176.
Beauregard, M., Paquette, V., Levesque, J., 2006. Dysfunction in the neural circuitry of
emotional self-regulation in major depressive disorder. NeuroReport 17, 843–846.

216

J.D. Townsend et al. / Psychiatry Research: Neuroimaging 183 (2010) 209–217

Beckmann, C.F., Jenkinson, M., Smith, S.M., 2003. General multilevel linear modeling for
group analysis in FMRI. Neuroimage 20, 1052–1063.
Beesdo, K., Lau, J.Y., Guyer, A.E., McClure-Tone, E.B., Monk, C.S., Nelson, E.E., Fromm, S.J.,
Goldwin, M.A., Wittchen, H.U., Leibenluft, E., Ernst, M., Pine, D.S., 2009. Common
and distinct amygdala-function perturbations in depressed vs anxious adolescents.
Archives of General Psychiatry 66, 275–285.
Bench, C.J., Friston, K.J., Brown, R.G., Frackowiak, R.S., Dolan, R.J., 1993. Regional cerebral
blood ﬂow in depression measured by positron emission tomography: the
relationship with clinical dimensions. Psychological Medicine 23, 579–590.
Chen, L., Eaton, W.W., Gallo, J.J., Nestadt, G., 2000a. Understanding the heterogeneity of
depression through the triad of symptoms, course and risk factors: a longitudinal,
population-based study. Journal of Affective Disorders 59, 1–11.
Chen, L.S., Eaton, W.W., Gallo, J.J., Nestadt, G., Crum, R.M., 2000b. Empirical examination
of current depression categories in a population-based study: symptoms, course,
and risk factors. The American Journal of Psychiatry 157, 573–580.
Chen, C.H., Ridler, K., Suckling, J., Williams, S., Fu, C.H., Merlo-Pich, E., Bullmore, E.,
2007. Brain imaging correlates of depressive symptom severity and predictors
of symptom improvement after antidepressant treatment. Biological Psychiatry
62, 407–414.
Chen, C.H., Suckling, J., Ooi, C., Fu, C.H., Williams, S.C., Walsh, N.D., Mitterschiffthaler, M.T.,
Pich, E.M., Bullmore, E., 2008. Functional coupling of the amygdala in depressed
patients treated with antidepressant medication. Neuropsychopharmacology: Ofﬁcial
Publication of the American College of Neuropsychopharmacology 33, 1909–1918.
Dannlowski, U., Ohrmann, P., Bauer, J., Kugel, H., Arolt, V., Heindel, W., Kersting, A.,
Baune, B.T., Suslow, T., 2007a. Amygdala reactivity to masked negative faces is
associated with automatic judgmental bias in major depression: a 3T fMRI study.
Journal of Psychiatry & Neuroscience 32, 423–429.
Dannlowski, U., Ohrmann, P., Bauer, J., Kugel, H., Arolt, V., Heindel, W., Suslow, T.,
2007b. Amygdala reactivity predicts automatic negative evaluations for facial
emotions. Psychiatry Research 154, 13–20.
Dannlowski, U., Ohrmann, P., Bauer, J., Kugel, H., Baune, B.T., Hohoff, C., Kersting, A.,
Arolt, V., Heindel, W., Deckert, J., Suslow, T., 2007c. Serotonergic genes modulate
amygdala activity in major depression. Genes, Brain, and Behavior 6, 672–676.
Dannlowski, U., Ohrmann, P., Bauer, J., Deckert, J., Hohoff, C., Kugel, H., Arolt, V., Heindel, W.,
Kersting, A., Baune, B.T., Suslow, T., 2008. 5-HTTLPR biases amygdala activity in
response to masked facial expressions in major depression. Neuropsychopharmacology: Ofﬁcial Publication of the American College of Neuropsychopharmacology 33,
418–424.
Davidson, R.J., Irwin, W., 1999. The functional neuroanatomy of emotion and affective
style. Trends in Cognitive Sciences 3, 11–21.
Davidson, R.J., Irwin, W., Anderle, M.J., Kalin, N.H., 2003. The neural substrates of
affective processing in depressed patients treated with venlafaxine. The American
Journal of Psychiatry 160, 64–75.
Dichter, G.S., Felder, J.N., Smoski, M.J., 2009. Affective context interferes with cognitive
control in unipolar depression: an fMRI investigation. Journal of Affective Disorders
114, 131–142.
Drevets, W.C., 2000. Neuroimaging studies of mood disorders. Biological Psychiatry 48,
813–829.
Drevets, W.C., 2001. Neuroimaging and neuropathological studies of depression:
implications for the cognitive–emotional features of mood disorders. Current
Opinion in Neurobiology 11, 240–249.
Drevets, W.C., 2007. Orbitofrontal cortex function and structure in depression. Annals
of the New York Academy of Sciences 1121, 499–527.
Drevets, W.C., Raichle, M.E., 1992. Neuroanatomical circuits in depression: implications
for treatment mechanisms. Psychopharmacology Bulletin 28, 261–274.
Drevets, W.C., Videen, T.O., Price, J.L., Preskorn, S.H., Carmichael, S.T., Raichle, M.E., 1992.
A functional anatomical study of unipolar depression. The Journal of Neuroscience
12, 3628–3641.
Drevets, W.C., Price, J.L., Bardgett, M.E., Reich, T., Todd, R.D., Raichle, M.E., 2002. Glucose
metabolism in the amygdala in depression: relationship to diagnostic subtype and
plasma cortisol levels. Pharmacology, Biochemistry and Behavior 71, 431–447.
Eckman, P., Friesen, W.V., 1976. Pictures of Facial Affect. Consulting Psychologists Press,
Palo Alto.
Fales, C.L., Barch, D.M., Rundle, M.M., Mintun, M.A., Snyder, A.Z., Cohen, J.D., Mathews, J.,
Sheline, Y.I., 2008. Altered emotional interference processing in affective and cognitivecontrol brain circuitry in major depression. Biological Psychiatry 63, 377–384.
Friston, K.J., 1997. Testing for anatomically speciﬁed regional effects. Human Brain
Mapping 5, 133–136.
Fu, C.H., Williams, S.C., Cleare, A.J., Brammer, M.J., Walsh, N.D., Kim, J., Andrew, C.M.,
Pich, E.M., Williams, P.M., Reed, L.J., Mitterschiffthaler, M.T., Suckling, J., Bullmore,
E.T., 2004. Attenuation of the neural response to sad faces in major depression by
antidepressant treatment: a prospective, event-related functional magnetic
resonance imaging study. Archives of General Psychiatry 61, 877–889.
Genovese, C.R., Lazar, N.A., Nichols, T., 2002. Thresholding of statistical maps in
functional neuroimaging using the false discovery rate. Neuroimage 15, 870–878.
Grady, C.L., Keightley, M.L., 2002. Studies of altered social cognition in neuropsychiatric
disorders using functional neuroimaging. Canadian Journal of Psychiatry 47, 327–336.
Grimm, S., Beck, J., Schuepbach, D., Hell, D., Boesiger, P., Bermpohl, F., Niehaus, L.,
Boeker, H., Northoff, G., 2008. Imbalance between left and right dorsolateral
prefrontal cortex in major depression is linked to negative emotional judgment:
an fMRI study in severe major depressive disorder. Biological Psychiatry 63,
369–376.
Hamilton, M., 1960. A rating scale for depression. Journal of Neurology, Neurosurgery
and Psychiatry 12, 56–62.
Hariri, A.R., Bookheimer, S.Y., Mazziotta, J.C., 2000. Modulating emotional responses:
effects of a neocortical network on the limbic system. NeuroReport 11, 43–48.

Hariri, A.R., Drabant, E.M., Munoz, K.E., Kolachana, B.S., Mattay, V.S., Egan, M.F.,
Weinberger, D.R., 2005. A susceptibility gene for affective disorders and the
response of the human amygdala. Archives of General Psychiatry 62, 146–152.
Hochberg, Y., Benjamini, Y., 1990. More powerful procedures for multiple signiﬁcance
testing. Statistics in Medicine 9, 811–818.
Irwin, W., Anderle, M.J., Abercrombie, H.C., Schaefer, S.M., Kalin, N.H., Davidson, R.J.,
2004. Amygdalar interhemispheric functional connectivity differs between the
non-depressed and depressed human brain. Neuroimage 21, 674–686.
Jenkinson, M., Smith, S., 2001. A global optimisation method for robust afﬁne
registration of brain images. Medical Image Analysis 5, 143–156.
Jenkinson, M., Bannister, P., Brady, M., Smith, S., 2002. Improved optimization for the
robust and accurate linear registration and motion correction of brain images.
Neuroimage 17, 825–841.
Johnstone, T., van Reekum, C.M., Urry, H.L., Kalin, N.H., Davidson, R.J., 2007. Failure to
regulate: counterproductive recruitment of top-down prefrontal-subcortical
circuitry in major depression. The Journal of Neuroscience: The Ofﬁcial Journal of
the Society for Neuroscience 27, 8877–8884.
Kasper, S., McEwen, B.S., 2008. Neurobiological and clinical effects of the antidepressant
tianeptine. CNS Drugs 22, 15–26.
Katon, W., Lin, E.H., Kroenke, K., 2007. The association of depression and anxiety with
medical symptom burden in patients with chronic medical illness. General Hospital
Psychiatry 29, 147–155.
Kendler, K.S., Eaves, L.J., Walters, E.E., Neale, M.C., Heath, A.C., Kessler, R.C., 1996. The
identiﬁcation and validation of distinct depressive syndromes in a populationbased sample of female twins. Archives of General Psychiatry 53, 391–399.
Kessler, R.C., Berglund, P., Demler, O., Jin, R., Koretz, D., Merikangas, K.R., Rush, A.J.,
Walters, E.E., Wang, P.S., 2003. The epidemiology of major depressive disorder:
results from the National Comorbidity Survey Replication (NCS-R). JAMA: The
Journal of the American Medical Association 289, 3095–3105.
Kimbrell, T.A., Ketter, T.A., George, M.S., Little, J.T., Benson, B.E., Willis, M.W.,
Herscovitch, P., Post, R.M., 2002. Regional cerebral glucose utilization in patients
with a range of severities of unipolar depression. Biological Psychiatry 51,
237–252.
Lawrence, N.S., Williams, A.M., Surguladze, S., Giampietro, V., Brammer, M.J., Andrew,
C., Frangou, S., Ecker, C., Phillips, M.L., 2004. Subcortical and ventral prefrontal
cortical neural responses to facial expressions distinguish patients with bipolar
disorder and major depression. Biological Psychiatry 55, 578–587.
Mayberg, H.S., 2003. Modulating dysfunctional limbic–cortical circuits in depression:
towards development of brain-based algorithms for diagnosis and optimised
treatment. British Medical Bulletin 65, 193–207.
McClure, E.B., Monk, C.S., Nelson, E.E., Parrish, J.M., Adler, A., Blair, R.J., Fromm, S.,
Charney, D.S., Leibenluft, E., Ernst, M., Pine, D.S., 2007. Abnormal attention
modulation of fear circuit function in pediatric generalized anxiety disorder.
Archives of General Psychiatry 64, 97–106.
Neumeister, A., Drevets, W.C., Belfer, I., Luckenbaugh, D.A., Henry, S., Bonne, O.,
Herscovitch, P., Goldman, D., Charney, D.S., 2006. Effects of a alpha 2Cadrenoreceptor gene polymorphism on neural responses to facial expressions in
depression. Neuropsychopharmacology: Ofﬁcial Publication of the American
College of Neuropsychopharmacology 31, 1750–1756.
Ormel, J., Oldehinkel, A.J., Nolen, W.A., Vollebergh, W., 2004. Psychosocial disability
before, during, and after a major depressive episode: a 3-wave populationbased study of state, scar, and trait effects. Archives of General Psychiatry 61,
387–392.
Papakostas, G.I., Petersen, T., Mahal, Y., Mischoulon, D., Nierenberg, A.A., Fava, M., 2004.
Quality of life assessments in major depressive disorder: a review of the literature.
General Hospital Psychiatry 26, 13–17.
Pelphrey, K.A., Carter, E.J., 2008. Brain mechanisms for social perception: lessons from
autism and typical development. Annals of the New York Academy of Sciences
1145, 283–299.
Rapcsak, S.Z., Comer, J.F., Rubens, A.B., 1993. Anomia for facial expressions:
neuropsychological mechanisms and anatomical correlates. Brain and Language
45, 233–252.
Rosen, H.J., Wilson, M.R., Schauer, G.F., Allison, S., Gorno-Tempini, M.L., Pace-Savitsky,
C., Kramer, J.H., Levenson, R.W., Weiner, M., Miller, B.L., 2006. Neuroanatomical
correlates of impaired recognition of emotion in dementia. Neuropsychologia 44,
365–373.
Rudebeck, P.H., Bannerman, D.M., Rushworth, M.F., 2008. The contribution of distinct
subregions of the ventromedial frontal cortex to emotion, social behavior, and
decision making. Cognitive, Affective & Behavioral Neuroscience 8, 485–497.
Sheline, Y.I., Barch, D.M., Donnelly, J.M., Ollinger, J.M., Snyder, A.Z., Mintun, M.A., 2001.
Increased amygdala response to masked emotional faces in depressed subjects
resolves with antidepressant treatment: an fMRI study. Biological Psychiatry 50,
651–658.
Siegle, G.J., Carter, C.S., Thase, M.E., 2006. Use of FMRI to predict recovery from unipolar
depression with cognitive behavior therapy. The American Journal of Psychiatry
163, 735–738.
Siegle, G.J., Thompson, W., Carter, C.S., Steinhauer, S.R., Thase, M.E., 2007. Increased
amygdala and decreased dorsolateral prefrontal BOLD responses in unipolar
depression: related and independent features. Biological Psychiatry 61, 198–209.
Smith, S.M., 2002. Fast robust automated brain extraction. Human Brain Mapping 17,
143–155.
Smith, D.J., Cavanagh, J.T., 2005. The use of single photon emission computed tomography
in depressive disorders. Nuclear Medicine Communications 26, 197–203.
Spitzer, R.L., Williams, J.B., Gibbon, M., First, M.B., 1992. The Structured Clinical
Interview for DSM-III-R (SCID). I: History, rationale, and description. Archives of
General Psychiatry 49, 624–629.

J.D. Townsend et al. / Psychiatry Research: Neuroimaging 183 (2010) 209–217
Steele, J.D., Currie, J., Lawrie, S.M., Reid, I., 2007. Prefrontal cortical functional
abnormality in major depressive disorder: a stereotactic meta-analysis. Journal of
Affective Disorders 101, 1–11.
Stein, J.L., Wiedholz, L.M., Bassett, D.S., Weinberger, D.R., Zink, C.F., Mattay, V.S., MeyerLindenberg, A., 2007. A validated network of effective amygdala connectivity.
Neuroimage 36, 736–745.
Surguladze, S., Brammer, M.J., Keedwell, P., Giampietro, V., Young, A.W., Travis, M.J.,
Williams, S.C., Phillips, M.L., 2005. A differential pattern of neural response toward sad
versus happy facial expressions in major depressive disorder. Biological Psychiatry 57,
201–209.
Suslow, T., Konrad, C., Kugel, H., Rumstadt, D., Zwitserlood, P., Schoning, S., Ohrmann, P.,
Bauer, J., Pyka, M., Kersting, A., Arolt, V., Heindel, W., Dannlowski, U., 2010a.
Automatic mood-congruent amygdala responses to masked facial expressions in
major depression. Biological Psychiatry 67, 155–160.
Suslow, T., Kugel, H., Reber, H., Bauer, J., Dannlowski, U., Kersting, A., Arolt, V., Heindel,
W., Ohrmann, P., Egloff, B., 2010b. Automatic brain response to facial emotion as a
function of implicitly and explicitly measured extraversion. Neuroscience.

217

Thomas, K.M., Drevets, W.C., Dahl, R.E., Ryan, N.D., Birmaher, B., Eccard, C.H., Axelson,
D., Whalen, P.J., Casey, B.J., 2001. Amygdala response to fearful faces in anxious and
depressed children. Archives of General Psychiatry 58, 1057–1063.
Wells, K.B., Stewart, A., Hays, R.D., Burnam, M.A., Rogers, W., Daniels, M., Berry, S.,
Greenﬁeld, S., Ware, J., 1989. The functioning and well-being of depressed patients.
Results from the Medical Outcomes Study. JAMA: The Journal of the American
Medical Association 262, 914–919.
Woolrich, M.W., Ripley, B.D., Brady, M., Smith, S.M., 2001. Temporal autocorrelation in
univariate linear modeling of FMRI data. Neuroimage 14, 1370–1386.
Woolrich, M.W., Behrens, T.E., Beckmann, C.F., Jenkinson, M., Smith, S.M., 2004.
Multilevel linear modelling for FMRI group analysis using Bayesian inference.
Neuroimage 21, 1732–1747.
Worsley, K.J., Poline, J.B., Friston, K.J., Evans, A.C., 1997. Characterizing the response of
PET and fMRI data using multivariate linear models. Neuroimage 6, 305–319.

