Journal of Affective Disorders 225 (2018) 91-96

JOURNAL of
AFFECTIVE DISORDERS

Contents lists available at ScienceDirect

Journal of Affective Disorders

journal homepage: www.elsevier.com/locate/jad

Review article

Brain activation during processing of genuine facial emotion in depression:
Preliminary findings

@ CrossMark

Samantha J. Groves®, Toni L. Pitcher™‘, Tracy R. Melzer™, Jennifer Jordan™, Janet D. Carter®,
Gin S. Malhi’, Lucy C. Johnston®, Richard J. Porter™*

2 Department of Psychological Medicine, University of Otago, Christchurch, New Zealand
® Department of Medicine, University of Otago, Christchurch, New Zealand

€ New Zealand Brain Research Institute, Christchurch, New Zealand

d Canterbury District Health Board, New Zealand

€ Psychology Department, University of Canterbury, New Zealand

£ Sydney Medical School, University of Sydney, Australia

8 University of Newcastle, Callaghan, Australia

ARTICLE INFO ABSTRACT

Keywords: Objective: The current study aimed to examine the neural correlates of processing genuine compared with posed
Depression emotional expressions, in depressed and healthy subjects using a novel functional magnetic resonance imaging
fMR'I B (fMRI) paradigm
Brain activity Method: During fMRI scanning, sixteen depressed patients and ten healthy controls performed an Emotion
EZ?;O;pression Categorisation Task, whereby participants were asked to distinguish between genuine and non-genuine (posed or
Emotion recognition neutral) facial displays of happiness and sadness.
Results: Compared to controls, the depressed group showed greater activation whilst processing genuine versus
posed facial displays of sadness, in the left medial orbitofrontal cortex, caudate and putamen. The depressed
group also showed greater activation whilst processing genuine facial displays of sadness relative to neutral
displays, in the bilateral medial frontal/orbitofrontal cortex, left dorsolateral prefrontal cortex, right dorsal
anterior cingulate, bilateral posterior cingulate, right superior parietal lobe, left lingual gyrus and cuneus. No
differences were found between the two groups for happy facial displays.
Limitations: Relatively small sample sizes and due to the exploratory nature of the study, no correction was made
for multiple comparisons.
Conclusion: The findings of this exploratory study suggest that depressed individuals may show a different
pattern of brain activation in response to genuine versus posed facial displays of sadness, compared to healthy
individuals. This may have important implications for future studies that wish to examine the neural correlates
of facial emotion processing in depression.

the dorsolateral prefrontal cortex (DLPFC) and dorsal anterior cingulate
cortex (dorsal ACC) are thought to be hypoactive, whereas regions such

1. Introduction

Depression is characterized by negative biases in emotional in-
formation processing and it is believed that this may play a critical role
in the development and maintenance of the disorder (Roiser and
Sahakian, 2013). As such, there has been considerable interest in ex-
amining the neural correlates of emotion processing in individuals with
depression.

Neural models of depression posit that negative affect and mood
congruent biases arise from, or are related to, dysfunction within
fronto-limbic circuits (Malhi et al., 2015). Frontal brain regions such as
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as the ventral/rostral anterior cingulate cortex (ventral/rostral ACC)
and amygdala are thought to be hyperactive; particularly in the context
of mood congruent stimuli (Hamilton et al., 2013; Mayberg, 1997).

A number of functional magnetic resonance imaging (fMRI) studies
have examined neural activity in depression using paradigms that in-
volve facial emotion processing (Stuhrmann et al., 2011). Some studies
have found evidence of decreased frontal activity in depressed in-
dividuals relative to controls (Fu et al., 2004; Siegle et al., 2007a,
2007b). However, others have found evidence of increased frontal


http://www.sciencedirect.com/science/journal/01650327
http://www.elsevier.com/locate/jad
http://dx.doi.org/10.1016/j.jad.2017.07.049
http://dx.doi.org/10.1016/j.jad.2017.07.049
mailto:richard.porter@otago.ac.nz
http://dx.doi.org/10.1016/j.jad.2017.07.049
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jad.2017.07.049&domain=pdf

S.J. Groves et al.

activity during the processing of negative facial expressions (Anand
et al., 2005; Keedwell et al., 2005; Lawrence et al., 2004; Rosenblau
et al., 2012). There are similarly diverse findings with regards to limbic
activation in response to negative stimuli, with a number of studies
reporting increased limbic activity in depressed individuals versus
controls (Anand et al., 2005; Siegle et al., 2002, 2007b), in contrast to
others that have found no such differences (Lee et al., 2008;
Scheuerecker et al., 2010). Inconsistencies between studies likely stem
from heterogeneity among patient samples, the use of varying fMRI
paradigms and stimuli, the differential effects of psychotropic medica-
tion and the use of differing neural models to interpret imaging find-
ings.

A key issue of interest that has not been examined in detail, is
whether there are differences in the way the depressed brain responds
to genuine compared with posed displays of emotion. Genuine expres-
sions are spontaneously generated as part of an emotional experience.
In contrast, posed expressions are not coupled with their respective
emotion and are used as a means to fake, mask or suppress emotional
experience (Ekman and Friesen, 1982; Ekman and Rosenberg, 1997).
Determining whether facial information specifies emotion or not, is
crucial for effective social functioning. For instance, mistaking posed
displays for genuine displays can result in negative outcomes for the
social perceiver (Miles and Johnston, 2007). Any compromise in the
ability to distinguish posed from genuine expressions of emotion might
help explain why depressed individuals often find it difficult to engage
socially. Indeed, using an Emotion Categorisation Task to assess sensi-
tivity to genuine versus posed facial displays (McLellan et al., 2010),
Douglas et al. (2012) have shown that depressed patients are less able
than healthy controls, to differentiate between posed and genuine ex-
pressions of sadness. Interestingly, in an fMRI experiment in healthy
subjects, this same task activated different brain regions when viewing
and judging emotional veracity of genuine versus posed emotions
(McLellan et al., 2012). However, whether this holds for depressed
patients is unknown.

1.1. Aims of the study

The current study aimed to examine the neural correlates of pro-
cessing genuine and posed facial expressions in depression, using the
Emotion Categorisation Task. Based on extant neural models of de-
pression, it was hypothesised that there would be a discernible differ-
ence in regional brain activity in response to genuine versus posed fa-
cial expressions of emotion, in the depressed group compared with
controls.

2. Method

2.1. Participants

Nineteen right-handed depressed participants (7 male: 12 female;
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22-57 years of age) were recruited from a randomised outpatient psy-
chotherapy trial of Cognitive Behaviour Therapy (CBT) and
Metacognitive Therapy (MCT) for depression (Jordan et al., 2014).
Inclusion criteria for the clinical trial included a current primary DSM-
IV diagnosis of major depressive disorder or bipolar II disorder-de-
pressed phase, an age of 18 years or older and the ability to converse
and answer questionnaires in the English language, and provide in-
formed consent. Exclusion criteria included bipolar I disorder, schizo-
phrenia, current severe substance misuse, an adequate course of CBT or
MCT in the past year, use of psychotropic medication (other than in-
termittent short term hypnotic use), or severe physical illness. Partici-
pants of the clinical trial were required to be drug free for a minimum of
two weeks or five drug half-lives. A research nurse screened referrals for
the clinical trial's inclusion/exclusion criteria and potential participants
were contacted by the next available therapist and booked for a clinical
interview. Informed consent was obtained from eligible participants.
Clinician-rated diagnostic assessments of mood were conducted using
the Structured Clinical Interview (SCID I and II) for the Diagnostic and
Statistical Manual of Mental Disorders-IV (American Psychiatric
Association, 2000) and clinician ratings of current mood severity were
made using the 16 item Quick Inventory of Depressive Symptomology
(QIDS16-C) (Rush et al., 2003), and the Montgomery Asberg Depression
Rating Scale (MADRS) (Montgomery and Asberg, 1979). The nineteen
depressed participants taking part in the present fMRI study were a
consecutively recruited subgroup of the larger clinical trial sample.
Further inclusion criteria included a willingness to participate in the
fMRI scanning component of the study. Thirteen right-handed healthy
controls (7 male: 6 female) with no history of depression, were also
recruited. Control participants were a convenience sample and were
matched for age bands (+/— 5 years) with the depressed outpatients.
The healthy controls had no history of depression, which was assessed
using the SCID for DSM-IV and symptoms were assessed using the De-
pression, Anxiety, Stress Scales (DASS; (Lovibond and Lovibond,
1995)). Exclusion criteria for both patient and control participants in
the fMRI study were left-handedness and any medical conditions that
might interfere with MRI scanning (e.g. pacemaker, metal implants).
Informed consent was obtained from all participants prior to being
scanned. Ethical approval was received from the Upper South B Re-
gional Ethics Committee, New Zealand (URB 09/03/012).

2.2. Emotion categorisation task

The stimuli used during the fMRI paradigm were photographs de-
picting a female target (five different targets were used). The target
displayed either posed or genuine facial expressions (happy or sad) or a
neutral expression (see Fig. 1 for example). The facial displays used
were taken from an established behavioural task (McLellan et al., 2010)
and met the FACS (Ekman and Friesen, 1975) criteria as being in-
dicative of their respective emotions.

fMRI data was collected in four 7-min runs, with images presented

Fig. 1. Examples of a neutral, posed sad and genuine sad ex-
pressions from the Emotion Categorisation Task.
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one at a time through adjustable binocular glasses (Avotec SV-7021,
Stuart, FL.) from a Pentium 4 computer. Each run consisted of a set of 21
facial images presented in a pseudo-random order, with each followed
by a fixation cross. The facial images were seven each of posed and
genuine expressions of the target emotion (happy and sad) as well as
seven neutral expressions. Facial images were presented for 2s and
fixation crosses were presented for 4, 4.5 or 5 s (also pseudo random,
seven of each duration). Each set of facial images and fixation durations
were repeated three times within a single run. An additional 10.5s
fixation cross was presented at the end of each run. The four runs were
presented as follows: SHOW Happiness, SHOW Sadness, FEEL Happiness
and FEEL Sadness. For the SHOW runs, the participants were asked to
judge whether the face was showing the target emotion. For the FEEL
runs, the participants were asked to judge whether the face was feeling
the target emotion. Participants responded yes or no by pressing a two
key-response box held in the right hand. Because of the complexity of
the analysis and the small size of the sample, we made the decision only
to analyse the contrasts for the FEEL conditions.

2.3. Image acquisition and analysis

Images were acquired on a 3 T General Electric HDxt scanner (GE
Healthcare, Waukesha, WI) with an 8-channel head coil at Hagley
Radiology, Christchurch, New Zealand. T1-weighted structural images
were acquired with a three-dimensional spoiled gradient recalled echo
sequence (echo time [TE] = 2.8 ms, repetition time [TR] = 6.7 ms,
inversion time = 400 ms, flip angle = 15°, acquisition matrix 256 X
256 x 158, axial acquisition, field of view = 250 mm, slice thickness
= 1 mm, voxel size 0.98 x 0.98 x 1 mm>). BOLD functional images
were acquired with a T2*- weighted single shot, echo planar imaging
(EPI) sequence (echo time = 35 ms, repetition time = 2500 ms, flip
angle = 90°, acquisition matrix = 64 X 64 x 37, field of view =
240 mm, slice thickness = 4 mm, voxel size = 3.7 X 3.7 x 4mm?). A
Gradient echo field map acquisition acquired at two different echo
times (TE1 = 5.3 ms, TE2 = 7.6 ms, TR = 600 ms, acquisition matrix
= 96 X 96 x 37, field of view = 240 mm) was used to correct dis-
tortion. Structural and functional data were analysed with SPM12b
(v5581, www.fil.ion.ucl.ac.uk/spm) running in MATLAB (R2010a; The
Mathworks Inc, 2010) and FSL v.5.0.7 (www.fmrib.ox.ac.uk/fsl).
Structural T1-weighted images were intensity bias corrected and tissue
classified into grey matter and white matter segments using the VBM8
toolbox (http://dbm.neuro.uni-jena.de/vbm/). DARTEL (existing tem-
plate) was then run using the DARTEL template provided with VBMS8 to
warp grey matter images into standardized space and smooth with an
8 mm?® isotropic Gaussian kernel. Functional images were spatially
realigned and unwarped using the FieldMAP utility in SPM. Realign-
ment produced estimates of motion during the task, which were then
used to reduce movement artefacts. The unwarp function was used to
minimise susceptibility distortions. Slice timing correction was then
conducted and a mean functional image for the four different condi-
tions was produced. The mean functional images were co-registered to
their corresponding structural images and applied to all functional
images, which were then normalised (using the parameters derived
from the structural procedure) and smoothed (8 mm?).

To compare grey matter volumes between the depressed and control
groups, the smoothed, normalised grey matter images were analysed in
SPM12b using an independent sample t-test, with age and gender as
covariates. The statistical threshold was set at p < 0.001 uncorrected
for multiple comparisons, with an extent threshold of > 10 voxels.

The pre-processed functional images were analysed in SPM12b
using the general linear model in a two-staged approach. Individual
analysis of both the FEEL HAPPY and FEEL SAD conditions was mod-
elled with the stimulus onset times and durations per item. First level
general linear modelling included six regressors: one regressor each for
correct responses to the three types of facial stimuli—genuine, posed,
and neutral—and one regressor each for the incorrect responses to each
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of the three facial stimuli. Regressors were convolved with a canonical
haemodynamic response function (Friston et al., 1998). Six rigid-body
motion correction parameters (three translation and three rotation)
were included as nuisance covariates. Contrast images were extracted
for individuals and entered into a second level whole-brain analysis.
The contrasts of interest in the current study were: Genuine vs. Neutral,
Posed vs. Neutral and Genuine vs. Posed for the FEEL SAD and FEEL
HAPPY conditions. The ‘second-level’ analyses were conducted using
the contrast images generated at the first level for each participant.
Independent sample t-tests were used to compare differences in brain
activation between the depressed outpatients and controls, with age
and gender entered as covariates. As with the structural comparison,
the statistical threshold was set at p < 0.001 uncorrected for multiple
comparisons, with an extent threshold of > 10 voxels.

3. Results
3.1. Excluded data

Functional MRI data from three of the control subjects could not be
used because field maps were not acquired. Additionally, data from
three of the depressed participants was unable to be used as the par-
ticipants had difficulty in fully understanding and performing, the
posed versus genuine task.

3.2. Demographic and clinical data

Demographic and depression severity data are reported in Table 1.
The mean age of the patients and control samples were comparable.
According to both depression measures, the depressed group had a
mean depression severity that was in the moderate range. None of the
patients had been prescribed antidepressants in the six weeks prior to
recruitment. Fifteen of the sixteen participants in the depressed sample
had a primary diagnosis of MDD, and one had a primary diagnosis of
Bipolar II Disorder, depressed phase.

3.3. Structural data

Structural data were compared between the depressed (n = 16) and
healthy control group (n = 10) in order to reduce the possibility that
differences in brain activation were a result of structural differences.
Whole brain analyses revealed no significant differences between
groups.

Table 1
Demographic data for depressed and healthy controls.

Depressed (n = Controls (n = 10) Statistic® p

16)
Mean/%  SD Mean/% SD
Age (years) 35.4 12.7 35.1 12.1 -0.07 0.95
Gender (male %: 37:63 - 60:40 - 1.25 0.26
female %)
Age of Onset 20.1 11.6
(years)
Number of Prior 4.1 3.8
MDEs
QIDS 14.7 5.0 - - - -
MADRS 221 9.3 - - - -
DASS (Depression - - 1.9 4.0 - -
subscale)

MDE, major depressive episode; QIDS, Quick Inventory of Depressive Symptomology;
MADRS, Montgomery Asberg Depression Rating Scale; DASS, Depression, Anxiety, Stress
Scales.

@ T-tests for continuous variables and chi square for dichotomous variables.
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Table 2
Brain regions showing greater activation in the depressed group (n =
controls (n = 10) during the processing of genuine displays of sadness.

16) relative to

Cluster Location Coordinates Cluster Size tvalue p
X y z
Genuine > Posed
L. Medial orbital frontal —15 50 -6 55 5.22 < 0.001
cortex
L. Putamen -18 20 -3 26 4.50 < 0.001
L. Caudate -16 8 11 18 3.89 < 0.001
Genuine > Neutral
R. Medial frontal/ 23 53 -3 19 3.77 0.001
orbitofrontal cortex
L. Medial frontal/ —-31 50 -11 28 4.57 < 0.001
orbitofrontal cortex
L. Dorsolateral —-34 42 17 29 4.18 < 0.001
prefrontal cortex
R. Anterior cingulate 2 9 24 36 4.02 < 0.001
cortex (dorsal)
R. Posterior cingulate 3 -19 29 74 3.91 < 0.001
cortex
L. Posterior cingulate -22 =57 9 11 3.98 < 0.001
cortex
R. Superior parietal lobe 21 —-54 56 97 4.27 < 0.001
L. Lingual gyrus -30 -60 -3 40 4.49 < 0.001
-27 —-69 -2 3.79 0.001
L. Occipital lobe - cuneus —-21 -84 33 19 4.49 < 0.001
-7 -82 18 56 4.14 < 0.001
-4 -79 26 3.78 0.001

L, Left; R, Right.
Results of whole brain analyses, p <
per cluster.

0.001 uncorrected, extent threshold of > 10 voxels

3.4. Functional data

Whole brain analyses for the FEEL SAD condition revealed a number
of significant differences in brain activation between depressed and
healthy controls (Table 2). In comparison to the healthy control group,
the depressed group showed greater activation whilst processing gen-
uine versus posed facial displays of sadness, in the left medial orbito-
frontal cortex and the left caudate and putamen (Fig. 2). The depressed
group also showed greater activation during genuine facial displays of
sadness relative to neutral displays, in the right medial frontal/orbito-
frontal cortex, left medial frontal/orbitofrontal cortex (medial aspect),
left DLFPC, right dorsal ACC, bilateral posterior cingulate cortex, right
superior parietal lobe, left lingual gyrus and the cuneus of the left oc-
cipital lobe (Fig. 3). No differences were found for the posed versus
neutral comparison.

Whole brain analyses for the FEEL HAPPY condition revealed no
significant differences in brain activity between the depressed and
healthy control group. This applied to the processing of genuine dis-
plays of happiness versus neutral faces, posed displays of happiness
versus neutral faces and genuine versus posed displays of happiness.

Fig. 2. Increased activation of depressed patients compared to healthy controls when
processing genuine versus posed displays of sadness. Red clusters indicate greater acti-
vation in the depressed group, p < 0.001 uncorrected, extent threshold of > 10 voxels
per cluster. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article).
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4. Discussion

To date, no previous neuroimaging studies have examined differ-
ences in brain activation in response to genuine versus posed facial
expressions in individuals with depression, and only one has examined
this in healthy adults (McLellan et al., 2012). Our small, exploratory
study revealed intriguing differences in brain activity between the de-
pressed and healthy control groups during the processing of genuine
sad facial expressions. No group differences were found in relation to
happy facial expressions. In comparison to healthy controls, depressed
patients showed greater activation within the medial orbitofrontal
cortex (OFC), caudate and putamen, whilst processing genuine versus
posed facial displays of sadness. Additionally, depressed patients also
showed greater activation within prefrontal regions, the dorsal ACC,
posterior cingulate cortex, occipital lobe and extra-striate regions,
during the processing of genuine facial displays of sadness, relative to
neutral displays.

Findings of a differential pattern of neural activity between the
depressed and healthy control group in response to genuine facial
emotion, is in line with our prior assumptions. During the processing of
genuine versus posed facial expressions of sadness, the depressed group
showed greater activation within the medial OFC, caudate and pu-
tamen, in comparison to healthy controls. One possible explanation for
finding greater medial OFC activity in the depressed group, is that it
may reflect an increase in attention towards mood congruent stimuli. A
study by Bhanji and Beer (2012) found that medial OFC activity may be
associated with emotion-congruent judgement in healthy individuals,
suggesting that the medial OFC may direct attentional resources to-
wards information that is congruent with emotional-state (Bhanji and
Beer, 2012). Additionally, Wang et al. (2006) have found evidence that
neural activity within the OFC may be elevated in response to sad
distractors during sad mood induction (Wang et al., 2006). Based on
these findings, it is possible that greater activation within the medial
OFC of the depressed group, reflects an increase in attention towards
mood-congruent information, since genuine sad facial displays may be
more congruent with mood than posed displays. This idea is partly
supported by the fact that no differences were found between the de-
pressed and healthy control groups whilst processing happy facial ex-
pressions.

The current study also found greater activity within the ventral
striatum (caudate and putamen) of the depressed group, in response to
genuine displays of sadness, relative to posed displays. A number of
studies have shown the ventral striatum to be hyperactive in depressed
individuals (Fu et al., 2004; Lawrence et al., 2004; Scheuerecker et al.,
2010). Furthermore, the striatum (particularly the caudate) has been
shown to produce strong responses in relation to negative pictures, with
activity increasing as a function of arousal (Carretie et al., 2009). This
finding further supports the notion that individuals with depression
may be more responsive to genuine facial displays of sadness compared
with posed displays.

Findings of greater neural activation in the depressed group, during
the processing of genuine versus posed displays of sadness are im-
portant. This raises the possibility that differing findings from some
neuroimaging studies investigating facial emotion processing in de-
pression, may be a consequence of using posed facial displays, which
elicit a significantly different emotional experience.

The current study also found differences between the depressed and
healthy control groups during the processing of genuine sad facial
displays versus neutral displays. The depressed group showed greater
activation within numerous regions of the brain, including prefrontal
areas and the dorsal ACC, in response to genuine sad facial expressions.
These findings are contrary to extant neural models of depression,
which posit that the disorder is usually associated with decreased
frontal activity and increased limbic activity (Mayberg, 1997). Fur-
thermore, many neuroimaging studies have found evidence in support
of these models, especially in the context of negative affective stimuli
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Fig. 3. Increased activation of depressed patients compared to healthy controls when processing genuine sad versus neutral faces. Red clusters indicate greater activation in the depressed
group, p < 0.001 uncorrected, extent threshold of > 10 voxels per cluster. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of

this article).

(Fu et al., 2004; Siegle et al., 2002, 2007a, 2007b). Nevertheless, there
are some neuroimaging studies that have found evidence of increased
prefrontal activity (Anand et al., 2005; Keedwell et al., 2005; Lawrence
et al., 2004; Rosenblau et al., 2012) and unaltered limbic activity (Lee
et al., 2008; Scheuerecker et al., 2010), in individuals with depression.
For example, Scheuerecker et al. (2010) found that patients with de-
pression showed greater activation within the middle frontal cortex,
caudate nucleus, precuneus and lingual gyrus, during a face matching
task using sad and angry faces. Moreover, they found no differences in
amygdala activation between the patients with depression and healthy
controls. They suggested that due to the cognitive nature of the task, the
hypothesised increase in limbic activation may have been suppressed
by prefrontal regions. Similarly, this may explain the increase in pre-
frontal activity and lack of differences in limbic activation in the cur-
rent study, as the emotional processing task required participants to
make a judgement about whether the faces were feeling the emotion. A
previous study has shown that individuals with depression have greater
difficulty in determining the difference between “feeling” and
“showing” emotions (Douglas et al., 2012). Thus, it is possible that this
judgement component led to the activation and elaboration of more
cognitive processes, as it required greater cognitive effort from the
depressed patients.

Another possible explanation for finding increased prefrontal ac-
tivity in the depressed group during the genuine versus neutral condi-
tion, is that it reflects an increase in attention towards mood-congruent
stimuli. The prefrontal cortex is known for its role in attention (Miller
and Cohen, 2001) and as mentioned above, there is some evidence that
the OFC may direct attentional processes towards information that is
congruent with emotional state. Moreover, whilst the depressed group
displayed greater activation in these areas during the processing of sad
facial expressions, no differences were found with happy expressions. In
line with this theory, the depressed group showed greater activation
within the dorsal ACC, which is thought to initiate the elaborative
processing of emotional stimuli (Davidson et al., 2002), and the su-
perior parietal cortex, which is known to activate during processes of
attention (Behrmann et al., 2004). Greater activity was also detected
within the posterior cingulate, occipital cortex and extra-striate area
(lingual gyrus) of the depressed group. Evidence suggests that the
posterior cingulate is activated during the processing of emotionally
salient stimuli (Maddock et al., 2003) and studies have found increased
activity in depressed individuals (Fu et al., 2004; Keedwell et al., 2005).
The affective nature of stimuli can also influence the activation of both
the primary and secondary visual cortices (Lang et al., 1998), so greater
activity within the posterior cingulate and visual areas also suggests
greater processing of mood congruent stimuli. It is also important to
note that the depressed group only showed greater neural activation for
the genuine versus neutral comparison, but not the posed versus neutral
comparison; underscoring the importance of attentional engagement by
mood congruent stimuli.

4.1. Strengths and limitations

The current study has a number of strengths. Firstly, the emotional
processing task is novel and includes examination of the processing of
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genuine emotional expressions. This may have greater ecological va-
lidity in examining typical emotional processing and perception in
depression. To date, no studies have examined differences in brain
activity in response to processing posed versus genuine facial expressions
in individuals with depression. Secondly, all the depressed patients
were free of psychotropic medication. This is extremely important as
many studies do not control for medication effects and even with
compensation within analyses, it is difficult to parse out the effects on
neural activity.

Equally, it is important to acknowledge the limitations of the pre-
sent study. Most notably, its small sample size, which limits statistical
power. Because of this and also the exploratory nature of the study, we
presented the uncorrected results from our analyses, increasing the risk
of Type I error. It should be noted that when a correction was made for
multiple comparisons, nothing survived. However, we believe that the
uncorrected results are of interest, as they help to inform other re-
searchers of brain regions that may be of particular interest for further
study. Our findings are preliminary and indeed require further re-
plication. Another limitation was the use of a mixed patient sample,
with one participant in the depressed group having a diagnosis of bi-
polar II disorder. It was decided that the participant should not be ex-
cluded from the analyses because while there is evidence of differences
between bipolar I disorder and major depressive disorder (MDD) in
terms of brain activation/function, there is little evidence of differences
between bipolar II disorder and MDD (Malhi et al., 2015; Porter et al.,
2015). For this reason, we felt it reasonable to include this patient in
this preliminary study. Another limitation of the current study was that
it only focussed on brain activation during the FEEL conditions of the
task. We focussed on the FEEL conditions rather than the SHOW as our
primary focus was how the depressed brain responds to genuine facial
expressions of emotion. Moreover, we felt that given the small sample
sizes, it would be better to limit the amount of analyses we performed.
Future studies should also consider only examining the FEEL SAD
condition and adding more genuine and posed sad facial expressions to
enhance the robustness of the task.

5. Conclusion

This exploratory study found evidence suggesting that depressed
individuals may show a differential pattern of brain activation in re-
sponse to genuine versus posed facial displays of sadness, compared to
healthy individuals. This may have important implications for future
research on facial emotion processing in depression, as it raises the
possibility that inconsistencies between studies may be a function of the
‘genuineness’ of the stimuli being used. Furthermore, the findings also
suggest that the novel fMRI paradigm used in the current study, taps
into distinct emotion processing circuits compared with previously
employed emotion activation paradigms.

Role of funding source

This work was supported by the New Zealand Lottery Health Grant
no. 264456 and the University of Otago Research Fund no. ORG0109-
0310. The funders had no further role in study design; the collection,



S.J. Groves et al.

analysis and interpretation of the data; in the writing of the report; and
in the decision to submit the paper for publication.

Acknowledgements

We wish to acknowledge the contribution of Richard Watts, Virginia
MclIntosh, Roger Mulder, Cameron Lacey, Peter Joyce, Christopher
Frampton, Amanda Baird, Jo Valance, Felicity Daly, Johanna Betman,
Julia Martin and Andrea Bartram for their roles in the study, and Robert
Knight for co-supervising the Master's thesis from which this paper
derives.

References

American Psychiatric Association, 2000. Diagnostic and Statistical Manual of Mental
Disorders, Revised 4th ed. American Psychiatric Association, Washington, DC.

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. Biol. Psychiatry 57, 1079-1088.

Behrmann, M., Geng, J.J., Shomstein, S., 2004. Parietal cortex and attention. Curr. Opin.
Neurobiol. 14, 212-217.

Bhanji, J.P., Beer, J.S., 2012. Unpacking the neural associations of emotion and judgment
in emotion-congruent judgment. Soc. Cogn. Affect. Neurosci. 7, 348-356.

Carretie, L., Rios, M., de la Gandara, B.S., Tapia, M., Albert, J., Lopez-Martin, S., Alvarez-
Linera, J., 2009. The striatum beyond reward: caudate responds intensely to un-
pleasant pictures. Neuroscience 164, 1615-1622.

Davidson, R.J., Pizzagalli, D., Nitschke, J.B., Putnam, K., 2002. Depression: perspectives
from affective neuroscience. Annu. Rev. Psychol. 53, 545-574.

Douglas, K.M., Porter, R.J., Johnston, L., 2012. Sensitivity to posed and genuine facial
expressions of emotion in severe depression. Psychiatry Res. 196, 72-78.

Ekman, P., Friesen, W.V., 1975. Pictures of Facial Affect. Consulting Psychologists Press,
Palto Alto, CA.

Ekman, P., Friesen, W.V., 1982. Felt, false, and miserable smiles. J. Nonverbal Behav. 6,
238-252.

Ekman, P., Rosenberg, E.L., 1997. What the Face Reveals: Basic and Applied Studies of
Spontaneous Expression Using the Facial Action Coding System (FACS). Oxford
University Press, New York, N.Y.

Friston, K.J., Fletcher, P., Josephs, O., Holmes, A., Rugg, M., Turner, R., 1998. Event-
related fMRI: characterizing differential responses. Neuroimage 7, 30—40.

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., 2004. Attenuation of the neural response to sad
faces in major depressionby antidepressant treatment: a prospective, event-related
functional magnetic resonance imagingstudy. Arch. Gen. Psychiatry 61, 877-889.

Hamilton, J.P., Chen, M.C., Gotlib, I.H., 2013. Neural systems approaches to under-
standing major depressive disorder: an intrinsic functional organization perspective.
Neurobiol. Dis. 52, 4-11.

Jordan, J., Carter, J., McIntosh, V., Fernando, K., Frampton, C., Porter, R., Mulder, R.,
Lacey, C., Joyce, P., 2014. Metacognitive therapy versus cognitive behavioural
therapy for depression: a randomized pilot study. Aust. N. Z. J. Psychiatry 48,
932-943.

Keedwell, P.A., Andrew, C., Williams, S.C., Brammer, M.J., Phillips, M.L., 2005. A double
dissociation of ventromedial prefrontal cortical responses to sad and happy stimuli in
depressed and healthy individuals. Biol. Psychiatry 58, 495-503.

Lang, P.J., Bradley, M.M., Fitzsimmons, J.R., Cuthbert, B.N., Scott, J.D., Moulder, B.,
Nangia, V., 1998. Emotional arousal and activation of the visual cortex: an fMRI
analysis. Psychophysiology 35, 199-210.

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

96

Journal of Affective Disorders 225 (2018) 91-96

cortical neural responses to facial expressions distinguish patients with bipolar dis-
order and major depression. Biol. Psychiatry 55, 578-587.

Lee, B.-T., Seok, J.-H., Lee, B.-C., Cho, S.W., Yoon, B.-J., Lee, K.-U., Chae, J.-H., Choi, I.-
G., Ham, B.-J., 2008. Neural correlates of affective processing in response to sad and
angry facial stimuli in patients with major depressive disorder. Prog.
Neuropsychopharmacol. Biol. Psychiatry 32, 778-785.

Lovibond, P.F., Lovibond, S.H., 1995. The structure of negative emotional states: com-
parison of the Depression Anxiety Stress Scales (DASS) with the Beck Depression and
Anxiety Inventories. Behav. Res. Ther. 33, 335-343.

Maddock, R.J., Garrett, A.S., Buonocore, M.H., 2003. Posterior cingulate cortex activation
by emotional words: fMRI evidence from a valence decision task. Hum. Brain Mapp.
18, 30-41.

Malhi, G.S., Byrow, Y., Fritz, K., Das, P., Baune, B.T., Porter, R.J., Outhred, T., 2015.
Mood disorders: neurocognitive models. Bipolar Disord. 17, 3—-20.

Mayberg, H., 1997. Limbic-cortical dysregulation: a proposed model of depression. J.
Neuropsychiatry Clin. Neurosci. 9, 471-481.

McLellan, T., Johnston, L., Dalrymple-Alford, J., Porter, R., 2010. Sensitivity to genuine
versus posed emotion specified in facial displays. Cogn. Emot. 24, 1277-1292.
McLellan, T., Wilcke, J., Johnston, L., Watts, R., Miles, L., 2012. Sensitivity to posed and
genuine displays of happiness and sadness: a fMRI study. Neurosci. Lett. 531,

149-154.

Miles, L., Johnston, L., 2007. Detecting happiness: perceiver sensitivity to enjoyment and
non-enjoyment smiles. J. Nonverbal Behav. 31, 259-275.

Miller, E.K., Cohen, J.D., 2001. An integrative theory of prefrontal cortex function. Annu.
Rev. Neurosci. 24, 167-202.

Montgomery, S., Asberg, M., 1979. A new depression scale designed to be sensitive to
change. Br. J. Psychiatry 134, 382-389.

Porter, R.J., Robinson, L.J., Malhi, G.S., Gallagher, P., 2015. The neurocognitive profile of
mood disorders—a review of the evidence and methodological issues. Bipolar Disord.
17, 21-40.

Roiser, J.P., Sahakian, B.J., 2013. Hot and cold cognition in depression. CNS Spectr. 18,
139-149.

Rosenblau, G., Sterzer, P., Stoy, M., Park, S., Friedel, E., Heinz, A., Pilhatsch, M., Bauer,
M., Strohle, A., 2012. Functional neuroanatomy of emotion processing in major de-
pressive disorder is altered after successful antidepressant therapy. J.
Psychopharmacol. 26, 1424-1433.

Rush, A.J., Trivedi, M.H., Ibrahim, H.M., Carmody, T.J., Arnow, B., Klein, D.N.,
Markowitz, J.C., Ninan, P.T., Kornstein, S., Manber, R., 2003. The 16-Item Quick
Inventory of Depressive Symptomatology (QIDS), clinician rating (QIDS-C), and self-
report (QIDS-SR): a psychometric evaluation in patients with chronic major depres-
sion. Biol. Psychiatry 54, 573-583.

Scheuerecker, J., Meisenzahl, E.M., Koutsouleris, N., Roesner, M., Schopf, V., Linn, J.,
Wiesmann, M., Briickmann, H., Moller, H.-J., Frodl, T., 2010. Orbitofrontal volume
reductions during emotion recognition in patients with major depression. J.
Psychiatry Neurosci. 35, 311-320.

Siegle, G.J., Steinhauer, S.R., Thase, M.E., Stenger, V.A., Carter, C.S., 2002. Can’t shake
that feeling: event-related fMRI assessment of sustained amygdala activity in re-
sponse to emotional information in depressed individuals. Biol. Psychiatry 51,
693-707.

Siegle, G.J., Ghinassi, F., Thase, M.E., 2007a. Neurobehavioral therapies in the 21st
century: summary of an emerging field and an extended example of cognitive control
training for depression. Cogn. Ther. Res. 31, 235-262.

Siegle, G.J., Thompson, W., Carter, C.S., Steinhauer, S.R., Thase, M.E., 2007b. Increased
amygdala and decreased dorsolateral prefrontal BOLD responses in unipolar de-
pression: related and independent features. Biol. Psychiatry 61, 198-209.

Stuhrmann, A., Suslow, T., Dannlowski, U., 2011. Facial emotion processing in major
depression: a systematic review of neuroimaging findings. Biol. Mood Anxiety Disord.
1, 1-17.

The Mathworks Inc, 2010. MATLAB and Statistics Toolbox Release 2010a. The
Mathworks Inc. Natick, MA.

Wang, L., LaBar, K.S., McCarthy, G., 2006. Mood alters amygdala activation to sad dis-
tractors during an attentional task. Biol. Psychiatry 60, 1139-1146.


http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref1
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref1
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref2
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref2
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref2
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref3
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref3
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref4
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref4
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref5
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref5
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref5
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref6
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref6
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref7
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref7
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref8
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref8
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref9
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref9
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref10
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref10
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref10
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref11
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref11
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref12
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref12
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref12
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref12
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref13
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref13
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref13
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref14
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref14
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref14
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref14
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref15
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref15
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref15
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref16
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref16
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref16
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref17
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref17
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref17
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref17
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref18
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref18
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref18
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref18
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref19
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref19
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref19
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref20
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref20
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref20
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref21
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref21
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref22
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref22
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref23
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref23
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref24
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref24
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref24
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref25
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref25
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref26
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref26
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref27
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref27
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref28
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref28
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref28
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref29
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref29
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref30
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref30
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref30
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref30
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref31
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref31
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref31
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref31
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref31
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref32
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref32
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref32
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref32
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref33
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref33
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref33
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref33
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref34
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref34
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref34
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref35
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref35
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref35
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref36
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref36
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref36
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref37
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref37
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref38
http://refhub.elsevier.com/S0165-0327(17)30219-7/sbref38

	Brain activation during processing of genuine facial emotion in depression: Preliminary findings
	Introduction
	Aims of the study

	Method
	Participants
	Emotion categorisation task
	Image acquisition and analysis

	Results
	Excluded data
	Demographic and clinical data
	Structural data
	Functional data

	Discussion
	Strengths and limitations

	Conclusion
	Role of funding source
	Acknowledgements
	References




