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a b s t r a c t

Emotions of fear and disgust are related to core symptoms of depression. The neurobiological mecha-
nisms of these associations are poorly understood. This functional magnetic resonance imaging study
aimed at examining the Blood oxygenation level dependent (BOLD) response to facial expressions of fear
and disgust in patients with major depressive disorder.

Nine patients in an episode of major depression and nine healthy controls underwent two functional
magnetic resonance imaging experiments where they judged the gender of facial identities displaying
different degrees (mild, strong) of fear or disgust, intermixed with non-emotional faces.

Compared with healthy controls, patients with depression demonstrated greater activation in left
insula, left orbito-frontal gyrus, left middle/inferior temporal gyrus, and right middle/inferior temporal
gyrus to expressions of strong disgust. Depressed patients also demonstrated reduced activation in left
inferior parietal lobe to mildly fearful faces.

Enhanced activation to facial expressions of disgust may reflect an emotion processing bias that
suggests high relevance of emotion of disgust to depression.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction

Negative biases during facial affect processing in major
depressive disorder (MDD) have been reported frequently in
previous studies. In particular, findings indicate that depressed
patients recognise significantly more sadness in facial expressions
compared with healthy volunteers (Bouhuys et al., 1999; Gur et al.,
1992) or perceive positive emotional faces as less positive
(Surguladze et al., 2004). Depressed individuals may also have
greater direction of attention towards negative facial expressions
(Gotlib et al., 2004) or away from happy facial expressions (Suslow
et al., 2001).

Functional neuroimaging studies examining negative, mood-
congruent attentional biases in depression have demonstrated in
depressed individuals patterns of abnormally increased activity in
. Surguladze).
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limbic-subcortical and extrastriate visual object processing regions
in response to sad and abnormally decreased activity in these
regions in response to happy facial expressions (Surguladze et al.,
2005; Fu et al., 2007). There are discrepant findings, however,
regarding the nature of subcortical limbic regional activation in
response to fearful faces in depressed individuals. One study
(Lawrence et al., 2004) demonstrated reduced activation in right
amygdala/hippocampus and in right parahippocampal gyrus rela-
tive to healthy controls during implicit processing of mild and
strong fearful expressions, respectively, while earlier findings
(Sheline et al., 2001) had demonstrated increased amygdala activity
in response to masked fearful facial expressions in depressed
patients relative to healthy controls. A recent study showed no
significant difference in amygdala activity to fearful faces in
depressed individuals relative to healthy controls (Almeida et al., in
press).

Although disgust is an important negative emotion (Ekman,
1992), its role in depression has been largely unrecognised. The
experience of disgust may be associated not only with food but

mailto:simon.2.surguladze@kcl.ac.uk
www.sciencedirect.com/science/journal/00223956
http://www.elsevier.com/locate/psychires


Table 1
Socio-demographic and clinical characteristics and on-line performance data.

MDD patients
(n ¼ 9)

Control subjects
(n ¼ 9)

Female/Male ratio 4/5 4/5
Age, years 42.8 � 7.2 39.7 � 14.6
Education, years 13.4 � 2.4 13.6 � 1.7
Duration of illness, years 8.0 � 5.1 e

Mini-Mental State Examination 28.7 � 1.7 30 � 0
Beck Depression Inventory** 31.8 � 11.8 2.8 � 3.8
Hamilton Depression Rating Scale 17.7 � 5.5 e

Correct responses for gender decision
in disgust task

47.2 � 9.5 48.6 � 7.6

Reaction time to 50% disgust faces, sec. 1.17 � .31 .97 � .26
Reaction time to 100% disgust faces, sec. 1.17 � .26 1.0 � .26
Correct responses for gender decision

in fear task
49.2 � 7.4 49.5 � 7.6

Reaction time to 50% fearful faces, sec. 1.1 � .22 1.0 � .24
Reaction time to 100% fearful faces, sec. 1.2 � .33 1.0 � .25

**p < .01.
Values shown are means � SD.
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also with social interactions, and, in some cases could be directed
to one's self. These social and self-related aspects of disgust are
especially relevant to depression. In particular, since the facial
expressions of disgust may convey social rejection (Rozin et al.,
1994; Marzillier and Davey, 2004), increased sensitivity to
disgust (expressed by others) may be characteristic to depression.
Indeed, there have been reports demonstrating that the processing
of facial expressions of disgust is enhanced in people with
depression. Hayward et al. (2005) observed enhanced recognition
of facial expressions of disgust in a recovered depressed sample
compared with healthy control subjects. Acute tryptophan deple-
tion (ATD) in remitted patients with a history of major depressive
disorder (a procedure previously shown to induce transient
depressed mood in such individuals) was associated with
decreased recognition of expressions of fear, but faster recognition
of disgust (Merens et al., 2008). There have also been findings of
no difference between depressed individuals and controls with
regard to labelling the facial expressions of disgust (Bediou et al.,
2005).

Regarding self-directed disgust, some authors (Power and
Dalgleish, 1997) argued that the commonly experienced
secondary emotions of shame and guilt in depression are derived
from the basic emotion of disgust, and that depression may in part
depend on a coupling of sadness and self-disgust. This proposal was
supported in a study (Power and Tarsia, 2007) found that the
emotion of disgust was experienced significantly more by indi-
viduals with depression, anxiety or with comorbid anxiety and
depression e compared with healthy controls. Another study
(Overton et al., 2008) provided direct evidence that self-disgust (as
measured by the newly developed Self-Disgust Scale) played an
important role in depression by mediating the relationship
between dysfunctional cognitions and depressive symptomatology.
It should be noted however that the questionnaire-based study of
disgust sensitivity (Schienle et al., 2003) did not find any elevation
in disgust sensitivity in patients with depression e in contrast to
those with schizophrenia and OCD. The authors suggested that
whereas the questionnaire tapped on the disgust directed to
external stimuli, the crucial feelings for depression would be self-
disgust, shame and guilt which were not covered by the
questionnaire.

The neurobiology of processing of facial expressions of disgust
is well established and has been shown to involve the insula,
striatum, inferior frontal cortex, in addition to visual object
processing regions such as extrastriate and inferior temporal
cortices (Calder et al., 2000; Phillips et al., 1997). There has been
little research that has examined the extent to which abnor-
malities in neural systems implicated in disgust perception are
associated with depression. The only study of this kind published
so far (McCabe et al., 2009) showed that the unmedicated
individuals recovered from depression had an increased activity
in bilateral caudate in response to the disgust-eliciting pictures
of mouldy food. We were interested in social dimensions of the
emotion of disgust in people with depression. Therefore in the
present study we examined patterns of neural activation to facial
expressions of disgust and fear in currently depressed individuals
with a history of MDD. The emotional expressions of fear were
included in the study to provide additional emotionally negative
stimuli which may help to differentiate the neural responses
specific for the processing of disgust. Based on the close asso-
ciations between disgust and depression, we hypothesized that
depressed patients would show greater activity in visual object
processing and limbic regions to facial expressions of disgust
than healthy controls, but that activity in these regions to facial
expressions of fear would be less likely to distinguish the two
groups.
2. Materials and methods

2.1. Participants

Nine individuals with DSM-IV primary diagnosis of Major
Depressive Disorder were recruited from the hospital and
community services of the South London and Maudsley National
Health Service Trust. None of them had diagnosable comorbidity in
terms of other Axis I disorders.

Nine healthy individuals without a history of major depressive
disorder or other psychiatric history, determined by interview,
were recruited from the local community and ancillary staff of the
Institute of Psychiatry.

Ethical approval was obtained from the Ethical Committee of the
South London and Maudsley Trust and the Institute of Psychiatry.
Written consent was obtained from all subjects prior to participa-
tion in the study. All participants were right-handed (Oldfield,
1971). Both groups were matched for age, sex ratio, and years of
education. There was no significant difference between depressed
group and controls in age of male (t[9] ¼ 1.7; p ¼ .2), or female
subjects (t[7] ¼ .3; p ¼ .8).

Exclusion criteria included a history of head injury, illicit
substance abuse, and a score of less than 24 on the Mini-Mental
State Examination (MMSE) (Folstein et al., 1975). Depression
severity was measured using the Beck Depression Inventory (BDI,
Beck et al., 1986) and the Hamilton Depression Rating Scale (HDRS,
Hamilton,1960). Depressed individuals had significantly higher BDI
scores compared with healthy individuals (U¼ 0, p< .001), ranging
from 15 to 50 with mean score 31.8 corresponding to moderate/
severe depression (Table 1). There was no evidence for psychotic
symptoms experienced by patients either at the time of assessment
or in their past. All data on duration of illness in depressed indi-
viduals was collected from the medical records and interview with
each depressed individual.

All patients were taking antidepressant medication. Four of
them were taking the serotonin and noradrenaline re-uptake
inhibitor venlafaxine; three, selective serotonin re-uptake inhibi-
tors (sertraline and paroxetine); one patient was taking the MAO
inhibitor phenelzine; and one, the tricyclic antidepressant dothie-
pine. Two patients were additionally treated with Lithium; one,
with diazepam; and one, with promethazine. As in our previous
study (Surguladze et al., 2005), for the purposes of further analysis
medication dose was coded from 1 (low-dose) to 4 (high-dose), and
the group of patients was divided into two subgroups depending on
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medication dose: 5 patients comprised medium-high dosage
subgroup (levels 3e4) and 4 patients comprised low dosage
subgroup (levels 1e2).

2.2. Functional neuroimaging task

All subjects participated in two 6-min experiments employing
event-related functional magnetic resonance imaging (fMRI). In
one of the experiments participants were presented with photo-
graphs of expressions of disgust and emotionally neutral faces, in
another experiment, fearful and neutral faces from a standardised
series (Young et al., 2002). The order of these tasks was counter-
balanced across participants. The photographs depicted 10 indi-
viduals (4 male, 6 female) devoid of any gender- specific details
(e.g., moustache, long hair). The prototypical expressions of disgust
and fear were manipulated by morphing software to depict
expressions of mild (50%) intensity along the continuum between
neutral and prototypical (100%) expressions. Thus, in each experi-
ment, participants viewed 20 expressions of prototypical (100%)
emotion, 20 expressions of mild (50%) emotion and 20 neutral
expressions. Each facial stimulus was presented for 2 s. All stimuli
were presented in a pseudo-randomized order, and additional
effort was made to ensure that there was no immediate repetition
of the same facial expression. The duration of the inter-stimulus
interval (ISI) varied from 3 to 8 s according to a Poisson distribution
to prevent participants from predicting the timing of the next
stimulus presentation, with average ISI, 4.9 s. During the ISI,
participants viewed a fixation cross. In subsequent analyses, the
fixation cross was used as the baseline stimulus. In the current
study, participants decided on the gender of each face and pressed
one of two buttons accordingly. These responses, as well as reaction
times, were recorded. The order of the stimuli in each task was
fixed. The details of the paradigm are presented elsewhere
(Surguladze et al., 2003).

2.3. Off-line facial affect recognition task

After the neuroimaging scan, the participants were examined
with regard to accuracy of facial expression labelling. In this task,
participants viewed on a computer screen expressions of disgust or
fear interspersed with emotionally neutral faces from a stand-
ardised set (Young et al., 2002). Each facial emotion had two
different intensities (50% and 100%), and each was presented twice
during the task: for 100 ms and 2000 ms. Ten neutral faces were
presented at two durations each: 100ms and 2000ms. Participants,
therefore, viewed 100 stimuli in total, with an ISI of 1500ms, during
the first 500 ms of which a fixation cross was displayed. Partici-
pants were instructed that they would view expressions of disgust,
fear or neutral faces and were requested to recognise the emotion
bymoving a computer joystick according to the labels presented on
the computer screen. Before testing, all participants performed
a practice trial to ensure they were able to perform the task.

Raw data was transformed into measures of accuracy and
response bias similarly to our previous study. High accuracy values
indicated an ability to discriminate accurately among emotional
and neutral expressions. Higher response bias scores indicated
a tendency to misidentify neutral faces as emotional.

2.4. Image acquisition

Magnetic resonance (MR) images were acquired using a GE
Signa 1.5T Neuro-optimised MR system (General Electric, Milwau-
kee, Wisconsin) for gradient echo echoplanar imaging (EPI) at the
Maudsley Hospital, London, United Kingdom. A quadrature bird-
cage headcoil was used for radio frequency (RF) transmission and
reception. A gradient echo EPI dataset was acquired at 43 near-axial
3-mm thick planes parallel to the anterior commissure e posterior
commissure (ACePC) line: echo time (TE) 73 ms, time to inversion
(TI) 80 ms, repetition time (TR) 3 s, in-plane resolution 1.72 mm,
interslice gap .3 mm, matrix size: 128 � 128 pixels. This higher
resolution EPI dataset was used to register the fMRI datasets
acquired from each individual in standard stereotactic space. One
hundred and eighty T2-weighted images depicting blood oxygen-
ation level dependent (BOLD) contrast (Ogawa et al., 1990) were
acquired at each of 16 near-axial non-contiguous 7-mm thick
planes parallel to the inter-commissural (ACePC) line: TE 40 ms, TR
2 s, in-plane resolution 3.44 mm, interslice gap .7 mm, matrix size
64 � 64 pixels.

2.5. Neuroimaging data analysis

2.5.1. Analytical approach
Data were analysed using the method XBAM developed at the

Institute of Psychiatry and based on permutation testing (Brammer
et al., 1997, c.f. http://brainmap.it).

Most assessments of the significance of the model fits
commonly used in fMRI analysis are based on normal theory and
the validity of the normality assumption is not often tested. The
XBAM software makes no such assumptions. Instead, it uses
median statistics to control outlier effects and employs permuta-
tion rather than normal theory based inference. Furthermore its
most common test statistic is computed by standardising for indi-
vidual difference in residual noise before embarking on second
level, multi-subject testing using robust permutation-based
methods. This allows a mixed effects approach to analysis. A recent
paper by Thirion et al. (2007) has conducted a detailed analysis of
the validity and impact of normal theory based inference in fMRI in
a large number of subjects (81). They have found substantial
deviations from normality in a significant number (22%) of intra-
cerebral voxels using the most common measure of response size
(unstandardised beta) used in fMRI analysis. Thirion et al. recom-
mend a mixed effects rather than simple random effects analysis
(i.e. an approach inwhich differences in intra-subject residual error
as well as inter-subject variability are specifically included in the
analysis). To deal with the issue of nonnormality and its (unknown)
effects on parametric hypothesis testing, they recommend
permutation-based inference and cluster or parcel level rather than
voxel level inference. This supports the approach that has been
implemented by the authors of XBAM. Specifically, the statistic
used in XBAM consists of the ratio of the sum of squares of devia-
tions from the mean image intensity (over the whole time series)
due to the model to the sum of squares of deviations due to the
residuals (SSQ ratio). This statistic is used to overcome the problem
inherent in the use of the F (variance ratio) statistic, which is that
the residual degrees of freedom are often unknown in fMRI time
series due to the presence of colored noise in the signal. The
computation of a standardised measure of effect, the SSQ ratio, at
the individual level, followed by analysis of the median SSQ ratio
maps over all individuals treats intra- and inter-subject variations
in effect separately, constituting amixed effect approach to analysis
which is deemed desirable in fMRI.

2.5.2. Analytical procedure
Data were first pre-processed (Bullmore et al., 1999a) to mini-

mize motion-related artifacts. A 3D volume consisting of the
average intensity at each voxel over the whole experiment was
calculated and used as a template. The 3D image volume at each
timepoint was then realigned to this template by computing the
combination of rotations (around the x, y and z axes) and trans-
lations (in x, y and z) that maximised the correlation between the

http://brainmap.it


Table 2
Significant clusters of neural activation in response to facial expressions of disgust in
healthy controls (n ¼ 9).

Brain region (BA) Talairach and Tournoux
coordinates

x y z Size p

Disgust (50%) vs. neutral
Superior frontal gyrus, medial aspect (BA8) 14 33 37 10 .0001
Right anterior cingulate gyrus (BA32) 6 36 20 54 .0001
Right middle cingulate gyrus (BA24) 9 33 31 12 .0001
Left fusiform gyrus (BA37) �29 �42 �13 12 .001
Right fusiform gyrus (BA37) 32 �42 �18 8 .0006

Disgust (100%) vs. neutral
Left anterior/middle cingulate gyrus (BA32) �12 19 42 20 .001
Left medial frontal gyrus (BA6) �3 14 48 8 .003
Left posterior cingulate gyrus (BA29) �6 �42 9 60 .001
Left fusiform gyrus (BA37) �32 �42 �18 123 .001
Right fusiform gyrus (BA37) 32 �42 �18 43 .001
Left insula �46 �11 9 2 .001
Right insula 38 22 4 2 .0002

Coordinates of regions in which significant within-group differences were demon-
strated. Voxel-wise and cluster-wise differences at p ¼ .05 and p ¼ .0008, respec-
tively. Brodmann areas are indicated in parentheses (BA).

Table 3
Significant clusters of neural activation in response to facial expressions disgust in
patients (n ¼ 9).

Brain region (BA) Talairach and Tournoux
coordinates

x y z Size p

Disgust (50%) vs. neutral
Left inferior frontal gyrus (BA47) �14 22 �18 11 .0007
Right posterior cingulate (BA31) 9 �53 37 20 .002
Right inferior frontal gyrus (BA44) 43 3 31 11 .0005
Left anterior cingulate gyrus (BA32) �3 36 26 43 .002
Left insula �43 0 4 9 .0003
Left putamen �26 14 �7 7 .003

Disgust (100%) vs. neutral
Left superior frontal gyrus, medial
aspect (BA8)

�17 14 53 27 .001

Orbita-frontal cortex (BA11) �9 42 �13 65 .0007
Left precuneus (BA7) �9 �53 48 26 .002
Right anterior cingulate gyrus (BA32) 0 36 26 16 .001
Left anterior cingulate gyrus (BA32) �6 42 9 78 .00001
Left insula (BA13) �35 0 15 6 .0002
Right insula (BA13) 38 17 �7 13 .0002
Right fusiform gyrus (BA37) 20 �39 �18 24 .002
Left fusiform gyrus (BA37) �35 �44 �18 8 .002

Coordinates of regions in which significant within-group differences were demon-
strated. Voxel-wise and cluster-wise differences at p ¼ .05 and p ¼ .0008, respec-
tively. Brodmann areas are indicated in parentheses. BA, Brodmann area.

S.A. Surguladze et al. / Journal of Psychiatric Research 44 (2010) 894e902 897
image intensities of the volume in question and the template.
Following realignment, data were then smoothed using a Gaussian
filter (FWHM 7.2 in-plane fMRI voxel size mm) to improve the
signal to noise characteristics of the images.

Neural responses to faces with neutral and emotional (mild,
strong disgust, fear) expressions compared with baseline were
determined by time series analysis using gamma variate functions
(peak responses at 4 and 8 s) to give the best-fit (least-squares)
model of the time series of the BOLD response at each intracerebral
voxel. A goodness-of-fit statistic, the sum of squares (SSQ) ratio,
was then computed at each voxel. This was the ratio of the sum of
squares of deviations from the mean intensity value due to the
model (fitted time series) divided by the sum of squares due to the
residuals (original time series minus model time series). To sample
the distribution of SSQ ratio under the null hypothesis that
observed values of SSQ ratio were not determined by experimental
design (with minimal assumptions), the time series at each voxel
was permuted using a wavelet-based resampling method
(Bullmore et al., 1999b). Observed and randomized SSQ ratio maps
were transformed into the standard space (Talairach and Tournoux,
1988). First, a group brain activation map (GBAM) was produced for
each experimental condition by testing the median observed SSQ
ratio over all subjects (median values were used tominimize outlier
effects) at each voxel in standard space against a critical value of the
permutation distribution for median SSQ ratio ascertained from the
spatially transformed wavelet-permuted data. Secondly, the voxel-
wise and cluster-wise significance of differences between groups
were obtained by analysis of variance (ANOVA) per each emotional
experiment (Bullmore et al., 1999b). For each contrast, the signifi-
cance threshold was set at the level where there was a probability
to observe less than half false-positive cluster per whole brain map.

3. Results

3.1. Neuroimaging experiments

3.1.1. Group patterns of neural activity to expressions of disgust
First, within-group patterns of activity to disgust vs. neutral

faces were determined. In response to expressions of 50% disgust
vs. neutral expressions, healthy controls showed significant activity
in right superior frontal gyrus (BA8), right anterior and middle
cingulate gyri, bilateral fusiform gyrus (BA37). Patients with
depression showed significant activity in left ventrolateral
prefrontal cortex (BA 47), left anterior cingulate gyrus (BA32), right
precuneus (BA 31), right inferior frontal gyrus (BA44), left insula,
left putamen. In response to expressions of 100% disgust vs. neutral
expressions, healthy controls showed significant activity in middle/
anterior cingulate gyrus (BA32), left medial frontal gyrus (BA6), left
posterior cingulate (BA29), bilateral fusiform gyrus (BA37) and
bilateral insula.

To the expressions of 100% disgust patients with depression
showed significant activity in the medial aspects of superior frontal
gyrus (BA8), left orbito-frontal cortex (BA11), bilateral fusiform
gyrus (BA37), bilateral insula, left precuneus (BA 7), anterior
cingulate gyrus (BA32) (Tables 2 and 3).

3.1.2. Between-group ANOVA of BOLD response to expressions of
disgust

To determine between-group differences in response to
expressions of increasing intensity of disgust, the data were ana-
lysed with 3� 2 repeatedmeasures ANOVAwith intensity (neutral,
50%, 100%) as within-subject variable and group (patients, controls)
as between-subject variable.

The XBAM program allows choice of a set value for the signifi-
cance of results, controlling for the type I error. The results of the
3� 2 factorial ANOVAwere thresholded at p¼ .006, which controls
for the probability to observe any false-positive clusters per the
whole brain. At the significance level p ¼ .006 there was a proba-
bility of less than one false-positive cluster to be observed per the
whole brain map. This analysis produced two clusters (F
[1,48] ¼ 5.7; observed power ¼ .81), indicating group by condition
interaction: a) a large cluster of activation spreading across left
frontal and temporal regions, including left insula, left orbito-
frontal cortex BA47, left middle/inferior temporal gyrus BA21/37,
p ¼ .0001 and b) a cluster in right middle/inferior temporal gyrus
BA21/BA37, p ¼ .0004 (Table 6; Fig. 1).

The between-group tests demonstrated that the interactionwas
accounted for by depressed patients showing greater activity than
healthy controls to expressions of 100% intensity of disgust within
both left fronto-temporal and the right middle/inferior temporal
regions (U ¼ 12, p ¼ .012, and U ¼ 11, p ¼ .009, respectively).



Table 4
Significant clusters of neural activation in response to fearful facial expressions in
healthy controls (n ¼ 9).

Brain region (BA) Talairach and Tournoux coordinates

x y z Size p

Fear (50%) vs. neutral
Left inferior parietal gyrus (BA40) �43 �33 48 20 .00006
Right inferior temporal gyrus (BA20) 36 �43 �18 16 .001
Left cerebellum �21 �60 �18 14 .001
Medial frontal lobe (BA32) 0 39 9 9 .00007
Left inferior occipital gyrus (BA18) �32 �86 �7 9 .00006
Left hippocampus �32 �20 �7 2 .001

Fear (100%) vs. neutral
Left inferior temporal lobe (BA37) �47 �50 �18 100 .001
Right fusiform gyrus (BA37) 32 �46 �18 46 .002
Left fusiform gyrus (BA19) �36 �63 �7 29 .0005
Left cerebellum �7 �52 �13 28 .002
Right cerebellum 32 �50 �24 36 .00004
Left precuneus (BA7) �25 �43 53 13 .0005
Left amygdala �15 �7 �13 4 .002
Right hippocampus 32 �43 �2 3 .002

Coordinates of regions in which significant within-group differences were demon-
strated. Voxel-wise and cluster-wise differences at p ¼ .05 and p ¼ .003, respec-
tively. Brodmann areas are indicated in parentheses. BA, Brodmann area.

S.A. Surguladze et al. / Journal of Psychiatric Research 44 (2010) 894e902898
3.1.3. On-line gender labelling performance in the disgust task
There were no significant between-group differences in correct

responses (U ¼ 32.5, p ¼ .73) and reaction time in the gender
decision tasks for neutral (U ¼ 18, p ¼ .08), 50% disgust (U ¼ 21.5,
p ¼ .16) and 100% disgust (U ¼ 23, p ¼ .21) conditions.

3.1.4. Group patterns of neural activity to expressions of fear
Within-group activation patterns demonstrated the following.

In response to expressions of 50% fear vs. neutral, healthy controls
showed significant activation in left inferior parietal gyrus (BA40),
right inferior temporal gyrus (BA20), left cerebellum and left infe-
rior occipital gyrus (BA18), medial frontal lobe (BA32), and left
hippocampus. To the fearful expressions of the same intensity,
depressed individuals showed significant activation in right cere-
bellum and right lingual gurus (BA19), left posterior cingulate gyrus
(BA23) and left angular gyrus (BA39).

In response to 100% fearful expressions vs. neutral, healthy
controls showed significant activation in left inferior posterior
temporal cortex (BA37), left and right cerebellum, left and right
fusiform gyri (BA19/37), left precuneus (BA 7), left and right inferior
parietal lobule (BA40), left amygdala, and right hippocampus.
Patients with depression activated left and right supramarginal gyri
Table 5
Significant clusters of neural activation in response to fearful facial expressions in
patients (n ¼ 9).

Brain region (BA) Talairach and Tournoux coordinates

x y z Size p

Fear (50%) vs. neutral
Right cerebellum 25 �69 �35 9 .001
Posterior cingulate gyrus (BA23) �11 �56 9 8 .001
Left angular gyrus (BA39) �36 �67 26 5 .0001
Right lingual gyrus (BA19) 15 �60 �2 4 .003

Fear (100%) vs. neutral
Right supramarginal gyrus (BA40) 50 �43 31 20 .002
Left supramarginal gyrus (BA40) �47 �26 26 14 .0006
Right cerebellum 40 �63 �24 12 .002
Left cerebellum �21 �52 �24 11 .001
Medial frontal lobe (BA32) �11 39 20 10 .001
Posterior cingulate gyrus (BA31) 28 �63 26 6 .002

Coordinates of regions in which significant within-group differences were demon-
strated. Voxel-wise and cluster-wise differences at p ¼ .05 and p ¼ .003, respec-
tively. Brodmann areas are indicated in parentheses. BA, Brodmann area.
(BA40), left and right cerebellum, medial frontal cortex (BA32) and
posterior cingulate gyrus (BA31) (Tables 4 and 5).

3.1.5. Between-group ANOVA of BOLD response to the expressions of
fear

To determine the between-group difference in linear trends, we
performed 3� 2 repeatedmeasures ANOVAwith intensity (neutral,
50%, 100%) as within-subject variable and group (patients, controls)
as between-subject variable. The analysis produced a significant
cluster in the left inferior parietal lobule (BA40).

Between-group tests demonstrated that the differential pattern
of activation in this cluster was accounted for by depressed patients
having less activation than healthy controls in response to 50%
intensity of fear (U¼ 18, p¼ .04) (Table 6 and Fig. 2). Examination of
the trends of activation per emotional condition showed that
whereas there was a drop in parietal cortex activity to 50% fear in
depressed people, the activity levels in other conditions i.e. neutral
and 100% fear were at the same level as in controls.

3.1.6. On-line gender labelling performance in fear task
There were no significant between-group differences in correct

responses (U¼ 27, p¼ .43) and reaction time in the gender decision
tasks for neutral (U¼ 28, p¼ .23), 50% fearful (U¼ 30.5, p¼ .60) and
100% fearful (U ¼ 13, p ¼ .30) expressions.

3.2. Off-line facial affect recognition task

During the fMRI experiment the stimuli were presented for
2000 ms, therefore the off-line behavioural task results were ana-
lysed with regard to this particular stimuli duration.

Valuesof discriminationaccuracy (Pr)were entered into2�2�2
repeated measures analysis of variance (ANOVA) with intensity
(50%, 100%), and emotion (fear, disgust) as within-subject factors,
and group (patients, controls) as the between-subject factor. There
were significantmain effects of intensity (F[1, 54]¼ 169.2, p< .001),
emotion (F[1,54]¼ 30.5, p < .001), but no significant effect of group
and no significant interactions. Comparison of the mean values for
discrimination accuracy indicated that in both groups, the signifi-
cant main effect of intensity was the result of disgust and fear
expressionswith higher intensity being recognisedmore accurately
than those with lower intensity (t[55] ¼ 13.1; p < .001). The main
effect of emotionwas accounted for by the emotion of disgust being
recognised more accurately compared with the emotion of fear
across all participants (t[55] ¼ 5.6; p < .001). Response bias data
were entered into a 2 � 2 repeated measures ANOVA with stimuli
emotion (fear, disgust) as within-subject variables and group
(patients, controls) as the between-subject variable. There were no
significant main effects or interactions, in other words, patients and
controls had equal tendency to label expressions as fear, disgust or
neutral in the situation of uncertainty.

3.3. Medication effects

We examined the potential effects of antidepressant medication
on the above findings of between-group differences in BOLD
response to 100% disgust faces and 50% fearful faces. There was no
significant difference in activity between low-dose vs. high-dose
subgroups during processing of expressions of disgust: in right
middle temporal gyrusU¼ 9.0, p¼ .81; left inferior temporal gyrus:
U ¼ 4.1, p ¼ .14; or fear: left inferior parietal lobule U ¼ 4.0; p ¼ .2.

4. Discussion

There has been a growth in the number of studies of disgust in
various psychiatric conditions over the last 10 years (Olatunji and



Table 6
Significant between-group differences in neural response to expressions of disgust and fear.

No. Brain region, BA Emotion Areas with significant differences Direction of difference

Intensity x y z Size Patients Controls

1. L inferior temporal gyrus, BA37 100% D �51 4 �40 131 Increase Decrease
2. L middle temporal gyrus, BA21 100% D �51 �15 �13 11 Increase Decrease
3. L insula 100% D �43 �11/�15 �2/4 13 Increase Decrease
4. L orbito-frontal cortex, BA47 100% D �18 22 �24 4 Increase Decrease
5. R middle temporal gyrus, BA21 100% D 54 �4 �29 91 Increase Decrease
6. R inferior temporal gyrus, BA37 100% D 54 �4/�15 �24 18 Increase Decrease
7. L inferior parietal lobule, BA40 50% F �40 �26 26 62 Decrease Increase

The regions in the table represent the components of main clusters produced by the 3 � 2 ANOVAs. Regions 1e4 constitute the large left frontal/temporal cluster with
differential response to 100% disgust; regions 5 & 6 constitute right middle/inferior temporal cluster with differential response to 100% disgust; region 7 represents a cluster
with differential response to 50% fear. BA, Brodmann area; D e disgust; F e fear.
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McKay, 2007), so that disgust is not a “forgotten emotion of
psychiatry” (Phillips et al., 1998) any more. There has been less
interest, however, in the role of disgust in neurobiology of
depression. Our study shows that the emotion of disgust has high
relevance to depression.

In particular, we found that our patients with major depressive
disorder differentially activated areas of frontal, parietal and
temporal cortex in response to the expressions of disgust and fear.
Attending to prototypical expression of disgust, patients had
greater activation than healthy controls in right middle temporal
gyrus and left inferior temporal gyrus extending to left middle
Fig. 1. Between-group differences in BOLD response to disgust. a. Axial, coronal and sagittal
prototypical (100%) intensity of disgust. The right and the left sides of each brain slice are dis
middle temporal gyrus; ITG: inferior temporal gyrus; INS: insula. b. Scatter plot of neural r
right middle/inferior temporal gyrus. Horizontal lines indicate means. c. Scatter plot of neur
including left insula, left orbito-frontal cortex, left middle/inferior temporal gyrus. Horizon
temporal gyrus, orbito-frontal cortex and insula. Importantly, this
pattern of differential activation was not related to any differences
in behavioural performance: patients with depression did not differ
from the controls with regard to on-line (gender decision) or off-
line (emotion recognition) task performance. The latter results
replicate previous findings (Bediou et al., 2005) who also reported
comparable performance in recognition of disgust in depressed
individuals and healthy controls.

The insula and left inferior frontal cortex have been strongly
implicated in the perception and recognition of facial expressions
of disgust in others (Phillips et al., 1997; Sprengelmeyer et al., 1998).
images depicting increased neural responses in patients with depression in response to
played on the right and left sides of each image, respectively. BA, Brodmann area. MTG:
esponse values (expressed as % signal change) extracted from the significant cluster in
al response values (expressed as % signal change) extracted from the significant cluster
tal lines indicate means. nc: normal controls; pts: patients with depression.



Fig. 2. Between-group differences in BOLD response to fear. a axial, coronal and
sagittal images depicting decrease in neural response to 50% fear in patients with
depression in left inferior parietal lobule BA 40 (x ¼ �40, y ¼ �26, z ¼ 26). The right
and the left sides of each brain slice are displayed on the right and left sides of each
image, respectively. BA, Brodmann area. IPL: inferior parietal lobule. b. scatter plot of
neural response values (expressed as % signal change) extracted from the significant
cluster in left inferior parietal lobule. Horizontal lines indicate means; nc: normal
controls; pts: patients with depression.
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The insula is also involved in self-referential processing e both of
own faces and the self-description words (Kircher et al., 2000). The
studies of patients with lesioned insula indicate close connection
between experience and the recognition of emotion of disgust
(Calder et al., 2000; Adolphs et al., 2003). We suggest that over-
activation of insula in our patients may underlie elevated suscep-
tibility to experiencing the emotion of disgust. Moreover, due to
close links between the expression of disgust in others and signals
of rejection (Rozin et al., 1994), an enhanced brain response in
depressed individuals to expressions of disgust may reinforce
feelings of interpersonal rejection and adversely affect social rela-
tionships. On a behavioural level it is known that depression is
associated with impairments in various aspects of interpersonal
functioning, e.g., interpersonal problem-solving performance
(Gotlib and Asarnow, 1979), social competence (Fisher-Beckfield
and McFall, 1982), or marital interactions (Gotlib and Whiffen,
1989). In remitted patients with depression, disturbed relation-
ships with less attunement and mutual involvement are predictive
of the relapse (Bos et al., 2002). We emphasize, however, that in our
fMRI experiments participants were processing the expressions of
disgust implicitly and we could not establish how relevant this
emotion was for them in their everyday functioning. This aspect
warrants further research.

Conventionally, the middle temporal gyrus has been regarded as
a structure involved in language/semantic processing (Fiebach
et al., 2007; Tyler et al., 2003). However, Iidaka et al. (2001)
found that the right middle temporal gyrus was one of the areas
specifically associated with implicit (gender decision) processing of
angry and disgusted facial expressions compared with neutral
faces, and found to interact with activity in right amygdala and
hippocampus. Interestingly, an earlier study (Critchley et al., 2000)
reported activation in left middle temporal cortex during an
explicit emotional face labelling task. Thus, left and right middle
temporal cortex may differentially respond to facial emotions e

depending on the experimental task.
The involvement of the middle and inferior temporal gyri in

emotional processing in the present study is supported by
anatomical data indicating that the posterior temporal cortex
receives input from visual sensory cortices (Ungerleider and Haxby,
1994), and direct back projections from amygdala (Amaral, 2002).

We emphasize that these results reflect between-group differ-
ences in linear trends of activation. Whereas in the simple within-
group contrasts (emotion vs. neutral) both patients and control
groups demonstrated activation typical for disgust processing (e.g.,
in bilateral fusiform areas, insula, inferior frontal cortex), the
between-group difference of trends involved some other regions of
differential activity. This may mean that the groups differed not
simply in terms of greater/smaller activation in the typical
emotional circuits, but rather in activation of some other brain
regions ewhich may have reflected a different strategy in emotion
processing. Importantly, however, these areas of differential acti-
vation extended to regions implicated in emotion processing e i.e.
the insula and left inferior frontal cortex (Sprengelmeyer et al.,
1998).

In the fearful face processing task, patients showed reduced
neural activity in left inferior parietal cortex in response to mild
fear. The inferior parietal cortex, especially, right-sided inferior
parietal cortex (Adolphs et al., 1996), is implicated in visual-spatial
attention. There have been however indications that the attention
to facial emotions is modulated by a wider network involving
bilateral parietal regions (Zhou et al., 2005; Feinstein et al., 2002).

Examination of the pattern of activation per group and
emotional condition showed that in depressed individuals there
was a drop in parietal cortex response to 50% fear, whereas in other
conditions i.e. in response to neutral faces and 100% fear, the acti-
vationwas at the same level as in controls. We suggest that this lack
of activity in left parietal cortex towards mildly fearful faces may
represent reduced attention to these stimuli in depressed individ-
uals. A possible basis for this differential activation could lie in
differential habituation of spatial attention network (Feinstein
et al., 2002). Another interpretation might be based on the effect
of antidepressant medication which is known to reduce the iden-
tification of the negative facial expressions of anger and fear
(Harmer et al., 2004). We are confident that our results were not
confounded by the abnormal performance in fear recognition, since
there was no difference between patients and controls in the fear
recognition task off-line. However, we cannot completely rule out
the medication effect in implicit (on-line) task. Further studies of
medication-naïve patients are required to clarify this effect.

Unlike our findings, previous studies demonstrated increased
amygdala activity to masked fearful (Sheline et al., 2001) or angry
(Dannlowski et al., 2007) faces in depressed patients. We suggest
that the discrepancy between these findings and our study may be
due to the different analytical approaches: the previous studies
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employed a region of interest (ROI) approach where the amygdala
was specifically targeted as a region of interest, whereas we used
awhole brain between-group analysis of trends with three levels of
emotion intensity (neutral, mild, prototypical). Our analysis
therefore resulted in large clusters of differential activation that
were characteristic for each group, per emotion intensity.

Our results suggest an effect of negative emotional expression
type upon patterns of abnormal neural activity in depressed
patients. Regions differentially activated in this study to fearful and
disgusted faces in depressed patients were different from those
regions that were differentially activated in our larger group of
depressed patients in response to sad and happy faces (Surguladze
et al., 2005). In this previous study, depressed patients, relative to
controls showed significantly greater activity within left para-
hippocampal gyrus/amygdala, left putamen and areas of right
occipital/fusiform cortex to sad faces, and reduced activity within
right putamen and bilateral fusiform gyrus to happy faces. In the
present study, depressed patients showed significantly greater
medial temporal, orbito-frontal cortical and insular activity to facial
expressions of prototypical disgust, but significantly reduced
activity to mild fearful facial expressions in the left inferior parietal
cortex.

We suggest that the finding of differential increase in insula
activity to disgust in depressed patients adds to the knowledge of
neurobiological substrates underlying depressive disorder. This
paves the way to future studies that could test a hypothesis of a link
between the increased insula activity and feelings of self-disgust in
depression.

Considering possible confounders, it is possible that differences
in neural activity observed between depressed patients and healthy
controls were secondary to differences in task performance. Indeed,
the recent study of depressed primary care patients (Tranter et al.,
2009) demonstrated increases in recognition accuracy of facial
expressions of disgust, happiness and surprise occurred during the
treatment with citalopram and reboxetine. The study lacked
a control group, however, and therefore it is impossible to deter-
mine whether the improvement in facial expression recognition
reflected better-than normal performance in the depressed group
or a normalization of expression recognition accuracy. We were
able to examine participants' performance in both on-line (gender
decision) and off-line (emotion recognition) tasks. There were no
between-group differences in on-line gender labelling perfor-
mance. With regard to the recognition accuracy of disgust and fear,
our off-line experiments again showed that the patients performed
at levels comparable to those of controls. In other words, our
participant groups were matched in terms of behavioural perfor-
mance in all behavioural tasks. Thus, even if there were any puta-
tive effect of antidepressants it did not affect the recognition of
emotional expressions. On the other hand, we did detect differen-
tial patterns of activation in the neuroimaging experiments that
involved implicit emotion processing. It is therefore unlikely that
task performance confounded our results. Moreover, both groups
were matched for age, sex ratio, and years of education, and
differed only in the severity of depression symptoms.

4.1. Limitations

The generalizability of our findings may be limited due to the
relatively small number of study participants. We employed a non-
parametric statistical approach e the preferred method for analysis
of smaller datasets e in the analysis of our neuroimaging data, and
we also used stringent statistical thresholds for all of our analyses
to minimize any type I errors; the significance threshold was set to
avoid any false-positive clusters over the whole brain. This would
suggest that our findings are robust.
Secondly, medication in depressed patients may have also
influenced the between-group variability. The evidence indicates
that the effect of medication (if there is one) usually decreases
rather than increases differences between groups (Fu et al., 2004;
Lawrence et al., 2004). Our analyses of potential effects of medi-
cation dose on patterns of abnormal neural activity in depressed
patients revealed no significant difference in activity between low-
dose vs. high-dose antidepressant medication subgroups in neural
regions differentially activated in either face emotion task. We
acknowledge, however, that our study may have been underpow-
ered to directly test a medication effect. We emphasize however
that our results are in line with those of the study of unmedicated
patients (McCabe et al., 2009) who also showed an increase in
neural response (in caudate) to the visual signals of disgusting
nature.

Thirdly, we did not assess trait anxiety and disgust sensitivity in
our participants. This should be examined in future studies to
determine the effects of these variables upon neural activity to fear
and disgust faces.

In summary, our findings indicate that depressed patients
demonstrated significantly greater than normal activity within
bilateral temporal-limbic regions in response to prototypical
expressions of disgust. This adds to the data from cognitive studies
suggesting that the emotion of disgust is highly relevant to
depression.
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