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Background: Empathy has a central role in successful interpersonal engagement. Several studies have
reported altered empathy in major depressive disorder (MDD), which could lead to interpersonal
difficulties. However, the neural basis of altered empathy in the disorder is still largely unknown.
To address this, we performed functional magnetic resonance imaging that tested empathy for others'
pain in MDD patients.

Methods: Eleven patients with MDD and 11 age-, gender-, handedness-, and education level-matched
healthy control subjects were studied. We compared MDD patients and healthy controls for their
regional hemodynamic responses to visual perception of videos showing human hands in painful
situations. We also assessed subjective pain ratings of the videos in each group.

Results: The MDD patients showed lower pain ratings for the painful videos compared with the healthy
controls. In addition, the MDD patients showed reduced cerebral activation in the left middle cingulate
cortex, and the right somatosensory-related cortices, whereas they showed greater cerebral activation in
the left inferior frontal gyrus.

Limitations: We relied on a relatively small sample size and could not exclude effects of medications.
Conclusions: These results suggest that in MDD patients the altered neural activations in these regions
may be associated with a deficit in the identification of pain in others. This study adds to our

understanding of the neural mechanism involved in empathy in MDD.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Patients with major depressive disorder (MDD) experience
significant social dysfunction, which may partly result from deficits
in social cognition, involving the ability to understand and respond
to the thoughts and feelings of others (Cusi et al., 2012).

Empathy is a set of constructs that enable us to understand the
sensation and emotions of others by sharing their sensory and
affective states, and thus has a central role in successful inter-
personal engagement (Decety and Moriguchi, 2007). In recent
years, functional magnetic resonance imaging (fMRI) studies
during empathy for others’ pain in healthy subjects have provided
an avenue for investigating the neural basis of empathy. These
studies showed the importance of brain regions implicated in
cognitive and affective systems, such as the anterior cingulate
cortex (ACC), middle cingulate cortex (MCC), anterior insula, and

* Corresponding author. Tel.: +81 75 751 3386; fax: +81 75 751 3246.
E-mail address: yamasaki@rakunan-hosp.jp (N. Yamasaki).
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0165-0327/© 2014 Elsevier B.V. All rights reserved.

prefrontal cortices, and the regions for encoding the sensory
dimension, such as somatosensory-related cortices (SRC) in the
inferior parietal lobe, in terms of empathy processing (Jackson et
al.. 2006; Lamm et al.,, 2010, 2011). These areas overlap with the
neural network of the so-called “pain matrix”, which is activated
in the direct experience of one's own pain (Peyron et al., 2000),
thus these studies also suggest that the neural network for
representing one's own subjective feeling states is crucial for
understanding the emotional response in others.

In MDD patients, not only affective range is limited because of
depressed mood and anhedonia, but also many of the cognitive
and affective processes, for example, working memory and emo-
tion regulation, are affected (Fu et al., 2008; Hasselbaich et al.,
2011). Furthermore, the pain threshold of MDD patients is
reported to be increased (Bar et al., 2007), therefore it is also
possible that the sensory perception in this disorder might be
altered. Accordingly, MDD patients would show altered empathic
abilities (Cusi et al,, 2011; Wilbertz et al., 2010). Indeed, it has been
shown that depressed mothers are less responsive to crying of
their newborn babies (Field et al., 2009). However, surprisingly,
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few studies have investigated the neural mechanisms underlying
altered empathy in MDD patients.

To date, among many fMRI studies comparing MDD patients
with healthy subjects, several studies, although not focusing on
empathy, have showed differential activation in the above-
mentioned brain networks that are important for empathy pro-
cessing. For example, greater activation in the lateral prefrontal
cortex and ACC were shown in MDD patients during a working
memory task (Harvey et al, 2005). In addition, a recent study
showed that neural activation in the cingulate cortex and inferior
parietal cortex was reduced in MDD patients during sad facial
emotion processing (Fu et al., 2008). However, to the best of our
knowledge, there is no fMRI study directly investigating the neural
basis of empathetic ability of MDD patients.

Here, we performed fMRI during an empathy task to test for the
response to others' pain in MDD patients. We compared MDD
patients and healthy subjects for their regional hemodynamic
responses to visual perception of videos depicting human hands
in painful situations. We hypothesized that the MDD patients
would show reduced empathy for others’ pain and also show
different neural responses in regions related to cognitive, affective
and sensory processing, such as, ACC, MCC, anterior insula, SRC,
and prefrontal cortices.

2. Methods
2.1. Participants

Twelve patients who had experienced at least one episode of
MDD based on the Structured Clinical Interview for DSM-IV Axis I
Disorders (SCID) were recruited. Current comorbid axis [ diagnoses
were acceptable as long as the depressive episode was primary;
one patient met the criteria for panic disorder and one patient for
social anxiety disorder. The 17-item Hamilton Depression Rating
Scale (HDRS) (Hamilton, 1960) was used to assess the severity of
clinical symptoms. None had a previous history of psychosis or
mania. One patient was excluded from the analyses owing to lack
of compliance with task instructions, thus 11 MDD patients were
analyzed. All patients were taking one or more antidepressant
medications at the time of the study (two were taking tricyclic
antidepressants, six were taking selective serotonin reuptake
inhibitors, three were taking selective serotonin noradrenaline
reuptake inhibitors, and one was taking other types of antide-
pressants). Eleven healthy controls (HC), matched with the patient
group in age, gender, handedness, and education levels were
recruited. The controls had no history of psychiatric illness, as
determined by the SCID, and there was no family history of mood
disorders among their first-degree relatives. Exclusion criteria for
all individuals included a history of head trauma, any neurological
illness, serious medical or surgical illness, and substance abuse.

This study was approved by the Committee on Medical Ethics
of Kyoto University and carried out in accordance with The Code of
Ethics of the World Medical Association. After a complete descrip-
tion of the study, written informed consent was obtained from
each participant.

2.2. fMRI task

We chose to present video clips to offer a more realistic
presentation than that provided by static images. Painful and
non-painful control videos were presented in an event-related
manner. In the painful videos, participants watched color videos
showing a human's hand pricked with a needle. In the non-painful
videos, the needle was covered by a protective black cap and
placed next to the hand (Supplementary Fig. 1). The painful videos

195

had 34 patterns; a needle was approaching to a man's or woman's
right hand from 17 different angles. Similarly, the non-painful
videos had 34 patterns in the same way. The actors in the video
clips did not change facial expressions (neutral expressions). Each
video was 1.1 s long and emerged twice according to a pseudo-
random ordering, followed by a jittered white fixation cross on
a black background in the range of 1.0-4.0 s (mean; 2.5s). The
participants were instructed to watch the videos as they would
watch television. To maintain their general attention, they were
required to press a button on a magnet-compatible button-box
with the right thumb when each video clip (both painful and non-
painful videos) appeared. Additionally, the fixation cross was
sometimes interpolated with a 2-s pain-rating session (There were
12 pain rating sessions in total) so that participants could focus on
the context of pain. During the pain-rating session, the partici-
pants were instructed to rate the intensity of pain of the last video
from “no pain” to “very severe pain” on a 4-point scale by pressing
one of four buttons with their right thumbs (for the original aim,
these ratings were not included in the analysis). Stimuli were
presented using the Presentation software (Neurobehavioral Sys-
tems, Albany, CA, USA). After scanning, participants were pre-
sented with the same videos as inside the scanner and were asked
to rate the pain intensity they thought the person in each video
would feel from O (no pain) to 100 (very severe pain).

2.3. fMRI data acquisition and pre-processing

fMRI images were scanned on a 3 T Trio (Siemens, Erlangen,
Germany) equipped with an 8-channel phased-array head coil and
preprocessed using SPM8 (Wellcome Trust Center for Neuroima-
ging, London, UK) (see Appendix 1).

2.4. Statistical analyses

2.4.1. Demographic and behavioral data

Demographic and behavioral data were analyzed using SPSS 21.
Because some of our continuous measures were not normally
distributed (Shapiro-Wilk test, p <0.05), we chose the Mann-
Whitney U test to compare the group differences. Results were
considered statistically significant at p < 0.05.

2.4.2. fMRI data

After preprocessing, we fitted a general linear model (Worsley
and Friston, 1995) to the fMRI data. In the first-level analyses, the
design matrix contained two task-related regressors (painful and
non-painful conditions). To minimize the motion-related artifacts,
six movement parameters (three displacements and three rota-
tions) were also included as additional regressors of no interest.
Data were high-pass filtered at 128 s. Pain-related activation was
identified using the contrast of painful versus non-painful condi-
tions. The comparison produced a contrast image for each parti-
cipant, and these contrast images were used for the second-level
fMRI analyses.

In the second-level analyses, we used a random-effects model
to make inferences at the population level. First, main effects of
watching others' pain were computed using one-sample t-tests
separately for the HC and MDD groups. The resulting set of voxel
values constituted an SPM of the t statistic [SPM{t}]. The height
and extent thresholds were set at p < 0.001, uncorrected and k=20
voxels.

Next, to compare the differences in neural activity between the
HC group and the MDD group, two-sample t-tests were used. The
height and extent thresholds were also set at p < 0.001, uncor-
rected and k=20 voxels. The choice of these thresholds was based
on exploratory data analyses and on effect size considerations
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derived from similar experiments of previous studies (Moriguchi
et al., 2007; Lamm et al, 2010). In addition, partial correlations
after adjusting for age and gender were calculated between HDRS
score and the parameter estimates, which were extracted as first
eigenvariate from the clusters of significant group differences in
MDD patients using SPSS 21.

The MNI coordinates were converted to the Talairach coordi-
nates using the mni2tal scripts (http://imaging.mre-chu.cam.ac.uk/
imaging/MniTalairach). We interpreted the anatomical location of
the clusters by consulting the Talairach Daemon database (http://
www.talairach.org), the Anatomic Automatic Labeling toolbox
(Tzourio-Mazoyer et al, 2002), and neuroanatomy atlas books
(Duvernoy, 1991; Talairach and Tournoux, 1988).

3. Results

Demographic data are shown in Table 1. The MDD sample
consisted of two euthymic patients (HDRS < 7), four patients with
mild depression (8 < HDRS <16), three patients with moderate
depression (17 < HDRS < 23), and two patients with severe depres-
sion (24 < HDRS) (using the severity classification by Zimmerman et
al, 2013).

MDD patients showed reduced pain ratings on the painful
videos compared with healthy controls (HC, mean=66.1, SD=
22.6; MDD, mean=33.9 SD=29.9, p=0.02). Both groups scored
non-painful videos as no pain (both groups, mean=0.0, SD=0.0).
No significant correlation was observed between the pain rating
and the HDRS score in MDD patients. Additionally, no significant
differences were observed among pain ratings depending on the
type of antidepressants the patients were taking (tricyclic anti-
depressants, selective serotonin reuptake inhibitors, or selective
serotonin noradrenaline reuptake inhibitors).

Table 2 shows the results of one-sample t tests for each group
throughout the whole brain related to higher activations in
response to the painful videos than the non-painful videos. In
the HC group, the brain response to others’ pain was associated
with activation in several regions that are related to cognitive,
affective, and sensory processing, such as MCC, left anterior insula,
bilateral postcentral gyrus, and prefrontal cortices, including left
inferior frontal gyrus (IFG). Similarly, MDD patients showed
significant activation in the medial frontal gyrus extending to the
MCC, left anterior insula, left postcentral gyrus, and left IFG.
However, in the group comparison, compared with the HC group,
the MDD patients showed reduced cerebral activation in the left
MCC, and the right SRC including the postcentral gyrus, supra-
marginal gyrus, and parietal operculum, whereas showing greater
cerebral activation in the left IFG (Table 2 and Fig. 1). In the
correlational analyses, no significant correlation emerged between

Table 1
Demographic and clinical characteristics.

HC (n=11) MDD (n=11) Statistics

Mean S.D. Mean S.D. P

Age 323 10.5 37.2 9.5 0.24°
Gender (M/F) 2/9 3/8 0.61°
Handedness (R/L) 10/1 9/2 0.53"
Years of education 14.6 24 14.9 26 0.90°
HDRS 10 1.6 16.2 74 <0.017
Depressive episodes 1.7 0.6

Duration of iliness (years) 71 5.5

Abbreviations: HC=healthy controls, MDD=major depressive disorder, HDRS=
Hamilton Depression Rating Scale.

2 Mann-Whitney U test.
b Two-tailed chi-square tests.

the HDRS score and neural activation in any of these clusters in
MDD patients.

4. Discussion

To the best of our knowledge, this is the first study to examine
brain responses to others' pain in MDD patients. We found that the
MDD patients rated the painful stimuli as less painful compared
with healthy subjects. Furthermore, the MDD patients showed
reduced cerebral activation in the left MCC and the right SRC,
whereas showing greater cerebral activation in the left IFG during
empathy for others' pain.

A previous study found that MDD patients showed reduced
awareness of others' emotions compared with healthy controls
(Donges et al, 2005). Our behavioral results also indicate that
MDD patients would have difficulty in understanding others'
emotions.

Our fMRI results showed that the brain response to others' pain
was associated with activation in the MCC, anterior insula, SRC,
and prefrontal cortices. Consistent with previous studies (Jackson
et al., 2006; Lamm et al,, 2010, 2011), activation of areas involved
in empathy for others’ pain was replicated.

Interestingly, the MDD patients showed reduced cerebral
activation in the left MCC, and the right SRC, whereas showing
greater cerebral activation in the left IFG. As for the MCC, the
cingulate cortex plays key roles in integrating multimodal infor-
mation important for emotional, sensorimotor, and cognitive
functions (Taylor et al, 2009). Among the subdivisions of the
cingulate cortex, the MCC is supposed to play roles in a variety of
cognitive functions such as response selection or working mem-
ory, as well as motor functions, such as skeletomotor regulations
(Torta and Cauda, 2011). In addition, the MCC, as a part of the pain
matrix, is involved in the processing of perceived others' pain. For
instance, fMRI studies in which subjects perceived others' pain
showed that pain-related MCC/ACC activation correlated with
subjective pain evaluation of the subjects, and the authors propose
that this area might be related to the evaluative aspect of pain
processing in others (Guo et al., 2013; Jackson et al., 2005). Our
current results of reduced MCC activation in patients suggest that
evaluative process of pain is attenuated or suppressed in these
subjects. This speculation is in line with our behavioral data that
subjective evaluation of others' pain is substantially reduced in the
patient group.

As for the SRC, it is considered to not only encode bodily
sensations but also play a key role in using social cues to under-
stand emotional states of others (Keysers et al., 2010). In line with
this notion, the previous study reported that greater neural
activity in the right SRC when predicting emotional response of
other person was correlated with self-reported empathy (Hooker
et al., 2008). In our subjects with depression, reduced recognition
of others’ pain, associated with reduced activation of the SRC, was
observed. This finding could be interpreted as the neural machin-
ery, which normally provokes empathic concern in the face of
distressing state of others, being dysfunctional or suppressed in
depression.

Conversely, we found elevated cerebral activation in the left IFG
in MDD patients. The IFG plays a key role in regulating negative
emotion (johnstone et al., 2007). Concerning pain perception, it
has also been shown that the prefrontal regions including the IFG
have an important role in modulating pain processing during
attentional manipulation paradigms (Petrovic et al., 2000). As to
the relationship between pain and depression, emotional
responses to pain were reported to be altered in patients with
MDD (Bér et al., 2007; Strigo et al, 2008, 2010, 2013). Bar et al.
(2007} showed increased activation in the lateral prefrontal cortex
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Table 2
Activations associated with watching others’ pain for the HC and MDD groups.

Brain region H Coordinates (mm) t Cluster (voxel)
x Y z
HC
Medial frontal gyrus/MCC/ACC L/R -8 15 23 743 336
Posterior cingulate cortex L/R -2 -28 22 528 40
Anterior insula/IFG L -32 25 -3 5.15 31
Medial/superior frontal gyrus L -4 7 62 5.38 61
Precentral gyrus L -57 5 31 6.16 93
Precuneus/superior parietal lobule L -30 -60 49 5.86 136
Postcentral gyrus/supramarginal gyrus L -59 -19 14 8.23 59
Postcentral gyrus/supramarginal gyrus L —48 -32 51 491 44
Postcentral gyrus /supramarginal gyrus/parietal operculum R 61 -20 27 6.89 179
Postcentral gyrus/supramarginal gyrus R 44 -31 48 745 76
Occipital lobe/fusiform gyrus L —46 -59 -11 529 20
Thalamus/caudate L/R -8 8 5 5.52 57
MDD
Medial frontal gyrus/MCC L/R 4 24 45 517 64
Anterior insula/IFG L -36 19 -8 5.52 28
IFG L -53 16 -1 717 53
Middle/superior frontal gyrus L/R -18 —4 67 7.23 386
Middle/superior frontal gyrus L -38 37 35 6.63 126
Middle frontal gyrus L —40 53 12 6.90 22
Precentral gyrus/middle frontal gyrus L —48 6 48 5.85 221
Precuneus/superior parietal lobule L -20 —-58 38 7.63 341
Postcentral gyrus/supramarginal gyrus L —59 -37 44 7.87 447
Postcentral gyrus L -53 -25 51 8.73 32
Occipital lobe R 30 —66 11 5.89 32
Cerebellum R 34 -50 —24 6.91 76
Cerebellum R 26 —65 -22 5.07 30
HC > MDD
MCC L -4 -10 30 4.60 23
Postcentral gyrus/supramarginal gyrus R 63 -13 21 5.96 79
Postcentral gyrus/parietal operculum R 40 -16 27 448 32
HC < MDD
IFG L -51 17 -1 4.96 22

p < 0.001, Uncorrected and k=20 voxels.
Voxel size is 2 x 2 x 2 mm.

Talairach coordinates and t-values are provided for the local voxel maximum of the respective cluster.
Abbreviations: HC=healthy controls, MDD=major depressive disorder, L=Ileft, R=right, H=hemisphere, ACC=anterior cingulate cortex, MCC=middle cingulate cortex,

IFG =inferior frontal gyrus.

during the direct own pain perception, together with reduced
subjective rating of the pain, in MDD patients. Furthermore, Strigo
et al. (2008) reported that MDD patients showed increased activity
in several brain regions including left IFG during anticipation of
pain and they suggested that altered brain responses during
anticipatory processing in MDD might lead to an impaired ability
to modulate not only the experience of pain but also negative
affective states. In addition, a recent study on healthy subjects
reported that the activation in the IFG during the direct own pain
perception was increased when depressed mood was induced
(Berna et al., 2010). Our study is in line with these studies,
although ours applied visual presentation of others’' pain, and
increased IFG activation might itself be a pathological process
associated with MDD, or alternatively, it might be a kind of
adaptive process to suppress painful subjective experiences in
patients suffering depression.

Alternatively, this result may be interpreted as follows. The IFG/
anterior insula were repeatedly reported to be activated during
empathy for others' pain (jackson et al.,, 2006; Lamm et al., 2011;
Xu et al,, 2009). In addition, a previous study showed that gray
matter density in the left anterior insula positively correlated with
empathy in healthy participants (Mutschler et al., 2013). Further,
Saarela et al. (2007) showed that the activation in the left IFG/
anterior insula during observation of intensified pain was posi-
tively correlated with the levels of self-reported empathic stress in
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affective empathy. Recently, several studies have reported that
MDD patients show deficits in cognitive aspects of empathy such
as perspective taking and theory of mind, but show heightened
sensitivity to empathic stress in affective components of empathy
(Schreiter et al., 2013). Moreover, a recent study showed that MDD
patients showed a general deficit in empathic processing of
dynamic stimuli at the behavioral level, yet the number of galvanic
skin responses during stimulus presentation was higher than in
healthy individuals (Schneider et al,, 2012). Although speculative,
the present result (i.e. MDD patients showed elevated cerebral
activation in the left IFG in spite of their reduced pain ratings)
might support these studies and suggest that MDD patients
physiologically showed elevated empathic stress, yet they might
not be able to verbalize it due to their multiple cognitive impair-
ments. Future neuroimaging studies are required to address the
multidimensionality of empathic impairments in patients with
MDD.

To summarize, we suggest that the above-mentioned three
regions with altered activations form the pathophysiological basis
of reduced others' pain recognition in MDD. Unfortunately, it
remains obscure whether these altered brain functions reflect
a state or a trait characteristic of MDD patients, as we did not
find significant correlations of depression severity with the above-
mentioned three regions. This may be because of the character-
istics of the patients investigated; most patients in the present
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Fig. 1. The significant clusters differentially activated between the HC and MDD
groups. Brain images of the different regional cerebral activations between the HC
and MDD groups. (a) HC = MDD. (b) HC < MDD. The clusters with differential
neural activities in response to others’ pain (the contrast of painful versus non-
painful conditions) are shown. The height and extent thresholds were set at
p <0.001, uncorrected and k=20 voxels. (a) The MDD group showed reduced
cerebral activation in the left MCC and the right SRC compared with the HC group.
(b) The MDD group showed greater cerebral activation in the left IFG compared
with the HC group. Abbreviations: HC=healthy controls, MDD =major depressive
disorder, MCC=middle cingulate cortex, SRC=somatosensory-related cortices,
IFG =inferior frontal gyrus.

study had relatively mild symptoms, and the variation of HDRS
scores might be too small to detect possible correlations. This is
one of the major limitations of the study, and should be overcome
in future studies recruiting a larger number of subjects including
those with more severe symptoms. Longitudinal studies are also
needed to provide a clearer view on this “state or trait” debate.
Another major limitation of this study is a lack of power, with
small sample sizes. In addition, two patients were in euthymic.
Mixed handedness and imbalanced gender also limit the inter-
pretation of the results. Moreover, because all patients were taking
medications, we could not exclude the effects of medications.
Therefore, we should interpret our findings as preliminary and
caution should be exercised in generalizing the results. Future
study should test larger samples including non-medicated patients
to confirm our preliminary results. Concerning the task design, we
did not use the pain rating in the scanner for the analyses because
its purpose was to focus the participants’ attention on pain while
watching the videos. However, the pain ratings in the scanner
were consistent with those obtained outside the scanner, that is,
the pain rating of painful videos in the scanner was also low in the
MDD group compared with the HC group (albeit it did not reach
statistical significance). Nevertheless, despite these limitations,
our preliminary study may provide an indication of this avenue
of research and motivate future research on a larger scale.

In conclusion, the present study suggests that empathy for
others' pain is altered in MDD patients. The MDD patients showed
reduced cerebral activation in the left MCC, and the right SRC,
whereas showing greater cerebral activation in the left IFG, during
the empathy for others' pain. These results suggest that the
functional alterations in these regions would be associated with
the deficit of identification of pain in others, in MDD patients. The
clinicians should note that the recognition of others’ pain in MDD
patients could be impaired, which might lead to their unconscious

miscommunication with others. This should be taken into account
when administering therapeutic interventions such as cognitive
behavioral therapy in clinical settings.
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Background: Cognitive behavioral therapy (CBT) is widely used to treat major depressive disorder (MDD).
Although improved response prediction could facilitate the development of individualized treatment plans,
few studies have investigated whether underlying brain structure is related to CBT response in MDD.

Methods: Ten MDD patients who received individual CBT were studied in this study. We investigated the
relationship between the regional gray matter (GM) volume and subsequent responses to CBT using voxel-

Results: The degree of improvement in depressive symptoms was positively correlated with GM volume in
the caudal portion of the anterior cingulate cortex.

Limitations: The sample size was small, and the effects of medication on the results could not be excluded.
Conclusions: Our results, although preliminary, suggest that the anterior cingulate cortex is a key structure

whose volume can be used to predict responses to CBT and is thus a potential prognostic marker in MDD.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Cognitive behavioral therapy (CBT) is reported to be effective for
about half of people with major depressive disorder (MDD) (Hollon
et al, 2002; Siegle et al., 2006). Detecting patients who are likely
to benefit from CBT could increase the success rate and reduce
the burden on patients. Thus, improving prediction accuracy for
responses to CBT is an important goal of MDD research, and in this
regard, neuroimaging data may provide useful information. Indeed,
several functional neuroimaging studies indicate that CBT response is
associated with activation levels in the anterior cingulate cortex (ACC)
(Costafreda et al,, 2009; Fu et al., 2008; Siegle et al.,, 2006; Ritchey
et al, 2011), although localization within the ACC was mixed. For
example, one study showed that CBT was more effective in MDD
patients whose sustained responses to emotional stimuli were low in
the subgenual ACC (Siegle et al., 2006). Additionally, another study

Abbreviations: ACC, anterior cingulate cortex; BDI-II, Beck depression inventory-If;
CBT, cognitive behavioral therapy; GM, gray matter; MDD, major depressive disorder;
MRI, magnetic resonance imaging; VBM, voxel-based morphometry
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reported that dorsal ACC activity during emotion processing of sad
faces showed a significant inverse relationship with subsequent
clinical response (Fu et al., 2008).

Although a number of functional imaging studies have examined
the relationship between brain activation and subsequent CBT
response, few studies have investigated whether underlying brain
structure is related to CBT response in MDD. Here, we investigated
whether there was a relationship between gray matter (GM) volume
and subsequent CBT response in the disorder using voxel-based
morphometry (VBM). Based on the results of previous functional
imaging studies, we hypothesized that the volume of ACC would be
correlated with subsequent CBT responses.

2. Methods
2.1. Participants

Fourteen consecutive MDD outpatients who participated in the CBT
program in Kyoto University were recruited for the study. Patients had
experienced at least one major depressive episode according to the
Structured Clinical Interview for DSM-IV Axis I Disorders. Two patients
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had current comorbid axis I diagnoses; one met the criteria for panic
disorder and the other for social anxiety disorder. None had a previous
history of psychosis or mania. In addition, none had a history of head
trauma, any neurological illness, serious medical or surgical illness, or
substance abuse. Four patients were excluded from the analyses: one
could not participate in the magnetic resonance imaging (MRI) scan,
one had an artificial tooth that created artifacts in the MRI scan, one
was admitted to the hospital shortly after the study registration, and
one developed suicidal ideation that required a substantial change in
antidepressant medication during CBT. Therefore, we analyzed data
from the remaining 10 patients (seven were female, mean age:
33.5+ 9.1 years). The mean number of previous depressive episodes
was 1.9 + 1.0, and the mean duration of illness was 6.8 & 5.7 years. This
study was approved by the Committee on Medical Ethics of Kyoto
University and carried out in accordance with The Code of Ethics of the
World Medical Association. After a complete description of the study,
written informed consent was obtained from each participant.

2.2. CBT

After scanning, patients received an individual CBT, following Beck’s
cognitive therapy manual (Beck et al., 1979). Sixteen sessions (45 min/
session) were conducted basically once per week. All CBT sessions
were performed by an experienced psychiatrist (the author N.Y.). The
sessions were audiotaped and reviewed by another author (KI) to
ensure that CBT followed the standard format. The Beck depression
inventory-II (BDI-II) (Beck et al., 1996; Kojima et al., 2002) was used to
assess depressive symptoms. The baseline assessment was performed
on the day of the first CBT session (one patient was assessed one day
before the first CBT session), and the last clinical assessment was
performed on the day of the last CBT session. All patients were taking
one or more antidepressants during the time of the study (one was
taking a tricyclic antidepressant, five were taking a selective serotonin
reuptake inhibitor, three were taking a selective serotonin noradrenalin
reuptake inhibitor, and two were taking other types of antidepres-
sants), but the doses of these medications were not increased or new
antidepressants were not started during the CBT treatment.

2.3. MRI acquisition, pre-processing, and analysis

Participants were scanned with a 3-T whole-body MRI scanner
equipped with an eight-channel phased-array head coil (Trio;
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Siemens, Erlangen, Germany). The scanning parameters of the
T1-weighted, three-dimensional, magnetization-prepared rapid
gradient-echo (3D-MPRAGE) sequence were as follows: TR=2000 ms,
TE=438 ms, TI=990 ms, FOV=225 x 240 mm, matrix=240 x 256,
resolution=0.9375 x 0.9375 x 1.0 mm?, and 208 total axial sections
without intersection gaps.

MRI data were processed using SPM8 (Wellcome Trust Center for
Neuroimaging, London, UK) and the VBMS8 toolbox (http://dbm.
neuro.uni-jena.de/vbmy/) in Matlab (MathWorks, Natick, MA, USA).
In brief, all images were tissue classified and spatially normalized to
the same stereotaxic space using the diffeomorphic anatomical
registration through the exponentiated Lie algebra (DARTEL) algo-
rithm (Ashburner, 2007). The voxel values of segmented and
normalized GM images were modulated by the Jacobian determi-
nants obtained from non-linear normalization steps. We applied the
default parameters of the VBMS toolbox, except for using the ICBM-
space template for East Asian brains for affine regularization. Finally,
the resultant GM images were smoothed with Gaussian kernels of
8 mm full width at half maximum.

CBT responses were calculated as follows: (baseline BDI-II scor-
e — last BDI-II score)/baseline BDI-II score. To explore the brain regions
whose volumes were correlated with subsequent CBT responses, we
performed a multiple regression analysis using a general linear model
framework in SPM8. Age and gender were entered into the model as
covariates of no interest. Because the images were modulated for
nonlinear warping only, intracranial volume was not included as a
nuisance covariate (http://dbm.neurc.uni-jena.de/vbm/segmentation/
modulation/). Based on effect size considerations derived from pre-
vious VBM studies (Kubota et al, 2011; Sasamoto et al., 2011), a
statistical threshold was set at p < 0.001 (uncorrected), with an extent
threshold of 100 voxels. We interpreted the anatomical locations of
the clusters by consulting the Talairach Client (http://www.talairach.
org/clienthtml), and neuroanatomy atlas books (Duvernoy, 1991;
Talairach and Tournoux, 1988).

3. Results

The patients varied in the degree of depressive symptom change
assessed by BDI-II, but on average the depressive symptoms were
improved during CBT (pre-treatment BDI-II: 21.3 4 8.7, post-treatment
BDI-II: 15.2 4 9.5; p=0.04 [paired t-test, analyzed with spss 21}).

Eigenvariate

Fig. 1. Significant cluster positively correlated with the rate of BDI-Il improvement. (A) The cluster positively correlated with the rate of BDI-Il improvement is shown. Height
and extent thresholds were set at p < 0.001, uncorrected and k=100 voxels. The cluster including the caudal portion of ACC was positively correlated with the rate of BDI-Il
change, (B) correlation between the GM density data (eigenvariates extracted using the VOI function in SPM8) of the cluster seen in (A) and the rate of BDI-Il change.
Abbreviations; ACC=anterior cingulate cortex, BDI-II=Beck depression inventory-1l, GM =gray matter.
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Whole-brain VBM analyses showed that one cluster including
the caudal portion of the ACC (peak MNI coordinates: —2, —3, 34
[Broadman area 24}, T-score=6.92, k=153 voxels) was positively
correlated with the rate of BDI-Il improvement (Fig. 1A and B). We
did not find any other clusters using the same threshold. Addi-
tionally, we did not find any significant negative correlation
between regional brain volume and the rate of BDI-II improve-
ment. The GM density data (i.e., eigenvariates extracted using the
VOI function in SPM8) from the above cluster was still significantly
correlated with the rate of BDI-Il improvement after controlling for
baseline BDI-II scores (r=0.79, p=0.01).

4. Discussion

In this study, we investigated whether there was a relationship
between GM volume and subsequent CBT responses in MDD
patients. We found a significant correlation between GM volume
in the caudal portion of the ACC and improvements in depressive
symptoms during CBT. Our results suggest that the volume in the
region can predict CBT responses.

Identifying predictors of treatment efficacy is an essential goal of
MDD research. Previous functional imaging studies related to emo-
tional processing showed that activation levels in the ACC predict
subsequent CBT response (Fu et al., 2008; Siegle et al., 2006). Although
the cluster related to CBT responses in this study was located posterior
to the regions identified in these studies, our results support the
notion that the ACC is a key structure for predicting CBT responses.

The ACC is a structure that has repeatedly been reported to be
altered in MDD (Fu et al,, 2008; Sacher et al., 2012; Yoshimura et al,,
2(310), and is involved in multiple cognitive functions, such as decision
making, inhibition control, and empathy (Botvinick, 2007; Decety and
Moriguchi, 2007; Kuhn et al., 2012). Interestingly, the caudal portion of
the ACC, which was correlated with CBT response in this study, plays a
key role in regulation of behavior through performance monitoring
(Haupt et al., 2009; Ursu et al, 2009). CBT addresses maladaptive
behaviors through a variety of goal-oriented explicit systematic
procedures (Beck et al, 1979). Our finding could be interpreted to
mean that patients who have higher ACC volume may have higher
capacity to effectively monitor their performance and thus receive
more benefits from CBT. This speculation is in line with the notion that
CBT may focus on patients’ strengths, rather than compensating for
their deficits (Rude and Rehm, 1991; Ritchey et al, 2011).

This study has several limitations. First, the sample size of our
study was small for the prediction of clinical responses. Second,
because all the patients received antidepressants during CBT, we
could not exclude their effects. In addition to this, most patients
included in our study were treatment-resistant because they did
not respond satisfactorily to the treatment with only medications.
Therefore, they may not be representative of the general popula-
tion for this disorder. Our findings are preliminary and caution
should be exercised in generalizing the results.

In conclusion, this study showed that ACC volume was correlated
with CBT response in patients with MDD. Our result supports the
notion that the ACC is a key structure for predicting the effectiveness
of CBT in this population, and should further be explored as a
prognostic marker of MDD.
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Can we predict burnout severity from empathy-related brain
activity?
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INTRODUCTION

Occupational burnout has become a pervasive problem in human
services, particularly among medical professionals who are highly
vulnerable to burnout.! Behavioral studies suggest a strong link
between burnout and empathy.>™® Although empathic attitude

and approach impact every aspect of medical care for patients’

and their families,”® as many as 76% of medical professionals
report symptoms of burnout that may lead to medical errors,
substance abuse and even suicide.’ Empathy often relates to a
pro-social behavior and is essential to human life."® However,
excessive empathy might be problematic because frequent
exposure to emotionally-demanding situations may put indivi-
duals at risk of burnout®™® Previous research has found that
burnout severity is related to both increases and decreases in
dispositional empathy scores.'’'? There are two contradictory
theories of burnout; while the conventional theory, ‘compassion
fatigue theory,'® suggests that burnout relates to excessive
empathy, the alternative theory, ‘emotional dissonance theory’,"
suggests that burnout relates to reduced emotional regulation
that causes a gap between felt and expressed emotions.
‘Compassion fatigue theory’ refers to one’s exhaustion asso-
ciated with caring for individuals who are experiencing significant
emotional/physical pain and distress.'® This theory suggests that
more empathic medical professionals tend to be at greater risk of
compassion fatigue and subsequent burnout.'® Meanwhile, the
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‘emotional dissonance theory’ denotes a conflict between
experienced emotions and emotions expressed to conform to
display rules.’® Emotional dissonance may emerge when one's
efforts to express socially-required, and in some instances
occupationally-required, empathic emotions become too much
of a burden and emotional responses become poorly regulated.!”
Related research has found that inexperienced nurses who hide
negative emotion showed greater burnout symptoms than those
who do not freely express their emotions.'®

Also supporting the ‘emotional dissonance theory’, research
suggests that burnout severity is related to difficulty in regulating
negative arousal and difficulty describing/identifying one’s own
emotions (that is, alexithymia: reduced emotional awareness)."®
Indeed, emotional dissonance may be related to alexithymia
because individuals with relatively greater alexithymic tendencies
fail to match their experienced and expressed emotions. Despite
having cognitive empathic abilities within the normal range,
people with high levels of alexithymia may show reduced
emotional reactions when observing others in pain, due to their
limited emotional regulation abilities.?>*' Therefore, it is possible
that the ‘emotional dissonance theory’ could better explain
burnout severity in medical professionals, in addition to the
conventional ‘compassion fatigue theory".

Because occupational burnout in medical professionals may
greatly depend on empathy levels® the relationship between
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burnout severity and strength of empathy-related brain activity
may be the key to understanding empathy-induced burnout.
However, to our knowledge, this relationship has not yet been
explored. Meanwhile, some studies have shown differences in
levels of empathy-related brain activity in medical professionals
compared with healthy, nonmedical individuals, further speculat-
ing on the relationship between this brain activity and burnout.
However, these previous studies did not implement psychological
measures of burnout severity. Using functional magnetic reso-
nance imaging (fMRI) and electroencephalography, these studies
have revealed reduced empathy-related brain activity in physi-
cians, compared with healthy controls, when viewing photographs
of others experiencing physical pain.*>?* This included activity in
the anterior insula (Al), anterior cingulate cortex (ACC) and
somatosensory cortex. Although burnout level was not directly
examined, this reduced brain activity was speculated to reflect an
adaptive strategy for resisting burnout.?® Specifically, this reduced
brain activity may enable physicians to address their patients’
symptoms without becoming too emotionally involved. Impor-
tantly, however, reduced empathy-related brain activity was
associated with greater empathic capabilities in physicians. Along
with some other reports (described below), these findings suggest
that empathy-related brain activity is not necessarily correlated
with empathic capabilities. Although fMRI studies have demon-
strated a positive correlation between strength of empathy-
related brain activity during the experience of vicarious pain and
Interpersonal  Reactivity Index (IRl) empathy scores, for
example,”?*% a negative correlation has also been shown among
individuals with psychopathy;*® and healthy participants.?”°

According to a recent review, observation of others in pain
induces an empathic response that mainly involves the Al, ACC,
inferior frontal gyrus (IFG) and anterior medial cingulate cortex.*
In addition, the temporoparietal junction (TPJ) may also have an
important role in empathy-processing, including perspective
taking,*' in the patient-clinician relationship. For instance, in
two fMRI experiments, physicians showed stronger TPJ activation
when viewing a patient receiving pain compared with a no-pain
condition.”?* We thus hypothesized that Al, ACC, IFG and TPJ
activity would be correlated with self-reported burnout severity in
medical professionals.

In this study, we explored the relationship between self-
reported burnout severity scores and psychological measures of
empathic disposition, emotional dissonance and alexithymia to
test two contradictory hypotheses in medical professionals
(‘compassion fatigue theory' versus ‘emotional dissonance the-
ory’). Then, we tested whether increased or decreased empathy-
related brain activity measured by fMRI was associated with
burnout severity scores and psychological measures.

MATERIALS AND METHODS

Participants were 25 nurses in active service with less than 11 years of
experience (20 females, aged 22-34, mean=26.0, s.d.=3.14). All partici-
pants had worked in nursing for at least 1 year. Participants were right-
handed, according to the Edinburgh handedness inventory. Exclusion
criteria included a history of neurological injury or disease, medical
diseases or substance abuse. None of the participants met the DSM-IV
criteria for any psychiatric disorders, as assessed by structured clinical
interviews. Further, all participants underwent MRI scanning to rule out
cerebral anatomic abnormalities. Participants were recruited via advertis-
ing from hospitals in Kyoto. All participants provided informed written
consent and were paid for their participation. The institutional review
board of Kyoto University approved the study.

Psychological measures

To avoid bias towards the concept of a relationship between burnout and
empathy, participants completed the following four self-report measures
after the fMRI scanning session. Burnout severity was assessed by the
Maslach Burnout Inventory (MBI),3? which includes two core dimensions:
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{1) ‘emotional exhaustion’ and (2) ‘depersonalization’.®® The ‘emotional
exhaustion’ dimension measures feelings of being emotionally over-
extended and exhausted by one’s work. The ‘depersonalization’ dimension
measures emotional detachment toward the recipients of one’s care. In our
study, the MBI served as a standardized measure for burnout and
compassion fatigue because these two symptoms largely overlap.'®**

Empathetic disposition was assessed by the IRI,** which is one of the
most widely used self-report measures of dispositional empathy. Following
previous studies, the ‘fantasy’ subscale was excluded;’ thus, three
subscales were used: (1) ‘perspective taking’ (the tendency to cognitively
adopt the perspective of another); (2) ‘empathic concern’ (the tendency to
feel emotional concern for others); and (3) ‘personal distress' (the tendency
to experience negative feelings in response to the distress of others).

Emotional dissonance was assessed by the Emotion Work Requirements
Scale (EWRS).>® In this scale, higher scores imply a greater degree of
emotional dissonance. In the current study, emotional dissonance was
distinctly defined by EWRS scores. EWRS measures emotional deviance as a
conflict between one’s own emotional experience and the expression of
emotions that are socially desired.®” It is comprised of two subscales ‘hide
negative emotion’ and ‘display positive emotion’ that trigger the conflict.
Previous research suggests that burnout is related, in particular, to
difficulty regulating negative emotions.'® Thus, we only focused on
measuring negative emotions and used the subscale ‘hide negative
emotion’.

An inability to identify and describe one's own emotions (alexithymia)
was assessed by the Toronto Alexithymia Scale (TAS-20).3® This measure
includes the following subscales: (1) ‘difficulty in identifying feelings’; (2)
‘difficulty in describing feelings’; and (3) ‘externally oriented thinking'. The
relationships between burnout severity (MBI} and other psychological
measures were examined by Pearson's r correlation analyses implemented
in SPSS 21.0 (Chicago, IL, USA).

fMRI & data analysis

Video clips showing a hand in painful (pain) or nonpainful (no-pain)
situations were presented to participants during the fMRI scanning.
Participants were asked to passively look at the stimuli. The video clips
consisted of images of other people’s hands being harmed by different
tools (that is, knife, hammer and icepick; 2.8 s duration each). For the no-
pain condition, a similar setting to the pain condition was shown, but the
tool being used was a soft brush. Each scanning session consisted of pain
and no-pain conditions (six blocks each) presented in a randomized order.
Each block contained six video clips and lasted a total of 16.8s. A fixation
cross was displayed for 14.4s as a baseline condition and was inserted
between each stimuli block (pain and no-pain; please see a schematic of
paradigm in the Supplementary Information
(Supplementary Figure S1)).

All participants participated in MRI scans using a 3-T scanner equipped
with an eight-channel, phased array head coil (Trio, Siemens, Erlangen,
Germany). Functional images were obtained in a T2*-weighted gradient
echo-planar imaging sequence with the following parameters: TE/TR:
30/2,400 ms, flip angle=90°, FOV=192x192mm, matrix=64x64; 40
interleaved axial slices of 3-mm thickness without gaps; resolution=3 mm
cubic voxels. Imaging data were preprocessed and analyzed using SPM 8
(Wellcome Department of Imaging Neuroscience, London, UK). All
functional brain volumes were realigned to the first volume, spatially
normalized to a standard echo-planar imaging template, and finally
smoothed using an 8-mm Gaussian kernel.

At the single subject level, we conducted a t-test for the contrast
pain>no-pain using a general linear model. This was thresholded at
P=0.05 (two-tailed, family-wise error corrected: FWE). Then, at the group-
level, we conducted region-of-interest (ROIl)-based random effects analyses
to investigate activity specifically recruited within pain-related empathy
regions. A pain localizer was not used during the study; however, we used
predefined ROIs informed by previous research, representing Al, IFG and
ACC. These regions have been discussed as major affective components of
the pain matrix, and commonly recruited during empathy-for-pain.>* ROI
analyses were performed using the PickAtlas toolbox within SPM 8, and
parameter estimates were extracted from group-level clusters within the
Al IFG and ACC3 Al and IFG clusters were included in a single ROl because
they are anatomically adjacent to each other and partly overlapped in the
functional ROl implemented in PickAtlas. We also included an ROI
representing the TPJ, which is crucially involved in physicians’ brain
response for empathy-for-pain.”?? As TPJ is not considered a part of the
pain matrix, we purposely applied a more conservative analysis when
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investigating neural correlates of TPJ activity. That is, TPJ parameter
estimates were extracted from the cluster obtained in the whole brain
analysis. Furthermore, because it is still a matter of debate whether TPJ is a
precisely identifiable cortical region,*® we selected clusters that were
anatomically overlapped with the TPJ x-y-z Talairach coordinates from a
meta-analysis, centered at (+50 — 55 25), specifically extending from the
superior temporal sulcus to the inferior parietal lobe.*’** Following the
conventional threshold,*® clusters smaller than 10 voxels were not
considered significant in our analyses. Furthermore, because there is no
clear functional laterality regarding empathic processing, parameter
estimates of ROI activity in the right and left hemispheres were averaged
within each participant. Subsequently, correlation analyses were con-
ducted on the basis of this averaged result. Using Pearson’s r correlation
analyses implemented in SPSS, parameter estimates of the pain>no-pain
contrast were correlated with psychological measures.

After the scanning session, participants were asked to rate each of the
video clips on the following: (1) intensity of distress (how much distress
they felt from a first-person perspective); and (2) intensity of pain
(objective rating of pain from a third-person perspective). Distress and pain
were each rated on a 9-point Likert scale, ranging from no-distress/pain to
the most extremely imaginable distress/pain. Video clips were shown in
the same order as they had been seen during the fMRI scanning. The order
of the two ratings was counterbalanced among participants. Subsequently,
for each of the video stimuli, the difference between these two ratings
(that is, distress minus pain score) was calculated and combined to give a
sum score for all stimuli for each participant. This score was also used as a
representation of emotional dissonance.

RESULTS

Psychological measures

There were statistically significant relationships between burnout
severity (MBI) and other psychological measures (Table 1). Burnout
severity (MBI) and dispositional empathy (IRl) showed a positive
correlation. In addition, burnout severity showed a positive
correlation with emotional dissonance (EWRS) and alexithymia
(TAS). Specifically, ‘emotional exhaustion’ on the MBI showed a
positive correlation with ‘perspective taking (PT)" on IRl (r=0.507,
P=0.010), ‘hide negative emotion (HNE)" on the EWRS (r=0.430,
P=0.032) and 'difficulty in identifying feelings (Dif)’ on the TAS-20
(r=0.637, P=0.001).

fMRI data

Contrasting the strength of hemodynamic activity between pain
and no-pain conditions, there were statistically significant
differences within our defined ROls. Table 2 shows the results of
one-sample t-tests within the defined ROIs (that is, Al/IFG and TPJ),
demonstrating higher activations in the pain condition relative to
the no-pain condition. ACC activity was not examined because it
did not meet our cluster threshold (only one voxel remained
significant).

Burnout and empathy-related brain activity
S Tei et al

Table 2. Pain-related brain areas activated in response to painful
video stimuli

Pain>no-pain  Talairach atlas x-y-z T Z P (FWE) Cluster k
area (mm)

Lt AI/IFG -42,16,0 7.80 6.24** 0.000 237
Lt AV/IFG -42, 30, 16 6.67 5.58** 0.000 78

Lt AI/IFG —48, 6, 32 6.33 5.37**  0.000 293
Rt Al/IFG 42, 28, 16 572 4.97* 0.001 417
Rt AI/IFG 34, 26, -4 539 4.74**  0.003 58

Lt TPJ —-56, -32, 32 854 6.63** 0.000 763
Rt TPJ 56, —34, 24 8.79 6.75** 0.000 762

Abbreviations: Al, anterior insula; FWE, family-wise error corrected; IFG,
inferior frontal gyrus; Lt, left; Rt, right; TPJ, temporoparietal junction.
*P < 0.05, **P < 0.01. The pain effect contrast was created by comparing
the signal intensity during pain, compared with no-pain conditions.

Correlations between neural activity and behavioral measures
There were statistically significant correlations between hemody-
namic activity associated with the pain>no-pain contrast and
psychological scores. Neural activity in Al/IFG and TPJ showed
negative correlations with burnout severity. Namely, Al/IFG and
TPJ activity negatively correlated with ‘emotional exhaustion’ on
the MBI (r=-0.590, P=0.002 and r=-0.550, P=0.004, respec-
tively). Figures 1 and 2 show correlations between burnout
severity and hemodynamic activity in AlI/IFG and TPJ across all
participants.

In addition, AI/IFG and TPJ activity showed significantly
negative correlations with other psychological measures (that is,
empathic disposition, emotional dissonance, alexithymia and the
difference between distress and pain ratings; Table 3). Namely, Al/
IFG and TPJ activity negatively correlated with ‘perspective taking’
on the IRl (r=-0524, P=0.007 and r=-0431, P=0.031,
respectively); ‘hide negative emotion’ on the EWRS (r=-0.528,
P=0.007 and r=-0.504, P=0.010, respectively); ‘difficulty in
identifying feelings’ on the TAS-20 (r=-0.399, P=0.048 and
r=-0581, P=0.002, respectively); and the difference between
post-ratings of distress and pain (r=-0419, P=0.037 and
r=-0464, P=0.020, respectively). Furthermore, Al/IFG activity
showed a negative correlation with ‘empathic concern’ on the IR
(r=-0432, P=0.031), and TPJ activity showed a negative
correlation with ‘difficulty in describing feelings’ on the TAS-20
(r=-0467, P=0.019).

DISCUSSION

To our knowledge, this is the first study to investigate the neural
correlates of empathy in relation to burnout in medical profes-
sionals. Burnout severity was associated with ‘reduced’ empathy-
related brain activity. In the initial correlation analysis between

Table 1.

Correlation between burnout severity and other psychological measures

Empathy PT  Empathy EC  Empathy PD

Emotional Alexithymia Dif  Alexithymia Ddf  Alexithymia Eot

(IR1) (IRN) (IRI) dissonance HNE (TAS-20) (TAS-20) (TAS-20)
(EWRS)
Burnout (MBI)
Emotional exhaustion 0.507** 0.135 0.237 0.430% 0.637** 0.186 -0.141
Burnout (MBI)
Depersonalization 0.387 -0.022 -0.104 0.305 0.199 -0.062 0.132

Abbreviations: MBI, Maslach Burnout Inventory; Ddf, difficulty in describing feelings; Dif, difficuity in identifying feelings; EC, empathic concern; Eot, externally
oriented thinking (in Toronto Alexithymia Scale: TAS-20); EWRS, Emotion Work Requirements Scale to assess emotional dissonance; HNE, hide negative
emotion; IRI, Interpersonal Reactivity Index; PD, personal distress; PT, perspective taking. *P < 0.05, **P < 0.01.
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Figure 1.

Correlation between burnout severity and hemodynamic activity in AI/IFG across participants. Burnout severity (‘emotional

exhaustion’ on the MBI) was associated with decreased activation of the anterior insula and inferior frontal gyrus cluster (Al/IFG). (a) Image
showing activation in Al/IFG within pain>no-pain contrast across participants (transverse plane). (b) Image showing activation in Al/IFG within
pain>no-pain contrast across participants (sagittal plane). (c) Plots and regression line depicting the correlation between burnout severity and
parameter estimates of the AI/IFG cluster activity for pain>no-pain contrast. MBI, Maslach Burnout Inventory.

self-reported psychological measures, burnout severity showed a
positive correlation with empathic dispositional scores, supporting
the ‘compassion fatigue theory’. However, burnout severity also
showed a positive correlation with trait emotional dissonance
scores and alexithymia scores, which might represent a link
between burnout and emotional dissonance. This positive
correlation between burnout severity and emotional dissonance
was no longer significant when alexithymia scores were covaried
out (that is, changed from r=0430, P=0.032 to r=0.261,
P=0.219). This goes along with previous studies suggesting a
link  between  burnout, emotional  dissonance  and
alexithymia.’®****¢ Meanwhile, the positive correlation between
burnout severity and empathy remained significant when
alexithymia scores were covaried out (changed from r=0.507,
P=0.010 to r=0467, P=0.022). Thus, the initial correlation
analysis between the psychological measures supported both
theories (‘compassion fatigue’ and ‘emotional dissonance’).

The brain imaging results cannot determine whether the
‘compassion fatigue hypothesis’ is supported or not because the
relationship between empathy-related brain activity and empathic
capabilities is not well understood. However, at least, the
correlation between empathy-related brain activity and psycho-
logical measures showed a modest sign of emotional dissonance.
Medical professionals with ‘reduced’ empathy-related brain
activity exhibited higher burnout severity scores and greater
dispositional empathy scores. This ‘reduced’ pain empathy-related
brain activity also correlated with higher trait scores of emotional
dissonance and alexithymia. We thus speculate that reduced
emotion recognition (that is, alexithymia) might potentially link
with stronger emotional dissonance and greater burnout severity
alongside reduced empathy-related brain activity. In this view,
greater empathic disposition in those with higher burnout levels
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may be because they have more difficulty identifying their
emotional reactions. Moreover, a negative correlation between
empathy-related brain activity and difference scores between
post-scan ratings of the pain stimuli may also go along with higher
alexithymia and emotional dissonance tendencies. Differences
between distress and pain scores can be considered representa-
tions of the state of emotional dissonance; that is, participants
with subjective distress scores greater than their objective ratings
of pain showed weaker brain activity and stronger burnout
severity.

Stronger activity in the defined ROIs (AlI/IFG and TPJ) was
associated with reduced severity of burnout, as measured by the
MBI, emotional dissonance trait scores on the EWRS, alexithymia
scores on the TAS-20 and empathy disposition scores on the IRI.
IFG has been previously implicated in reducing negative arousal,
inhibiting distress, facilitating response selection, encouraging
optimistic thinking and supporting belief formation.*’*® Moreover,
greater activity in Al/IFG may reduce a sense of dissonance or
depersonalization by enhancing ongoing awareness and sense of
reality because AI/IFG contains von Economo neurons.*® Thus,
people with reduced Al/IFG activation may demonstrate relatively
incomplete suppression of negative arousal and emotional
conflict, thereby inducing stronger emotional dissonance, emo-
tional exhaustion and burnout. Moreover, TPJ is involved in
distinguishing between awareness of self and others during
empathic behavior,>® metalizing®' and alexithymia.>®> Our results
could imply that participants with reduced TPJ activity make a
weaker distinction between one's own emotion and that of
another person, thereby evoking stronger feeling of dissonance
and/or reduced emotional recognition.

The relationship between burnout and empathy appears to be a
more global construct than previously argued. One of the reasons

© 2014 Macmillan Publishers Limited
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Figure 2. Correlation between burnout severity and hemodynamic activity in TPJ across participants. Burnout severity ('emotional exhaustion’
on the MBI) was associated with the decreased activation of the temporoparietal junction (TPJ). (a) Image showing activation in TPJ within
pain>no-pain contrast across participants (transverse plane). (b) Image showing activation in TPJ within pain>no-pain contrast across
participants (sagittal plane) (c) Plots and regression line depicting the correlation between burnout severity and parameter estimates of the
TPJ cluster activity for pain>no-pain contrast. MBI, Maslach Burnout Inventory.

Table 3. Correlation between psychological measures and mean
neural activity in Al/IFG and TPJ across participants
Al/IFG TPJ

Burnout (MBI)

Emotional exhaustion —0.590** —0.550%*

Depersonalization -0.298 -0.310
Empathy (IR)

PT —0.524%* -0.431*

EC —-0.432% —0.301

PD -0.167 -0.378
Emotional dissonance

(EWRS) HNE —0.528** - 0.504*
Alexithymia (TAS-20)

Dif -0.399* —0.581**

Ddf -0.017 -0.467*

Eot 0.279 -0.127
Post-scan rating

Distress minus pain score -0419* —0.464*
Abbreviations: Al, anterior insula; Ddf, difficulty in describing feelings; Dif,
difficulty in identifying feelings; EC, empathic concern; Eot, externally
oriented thinking; EWRS, Emotion Work Requirements Scale to assess
emotional dissonance; HNE, hide negative emotion; IFG, inferior frontal
gyrus; IR, Interpersonal Reactivity Index; MBI, Maslach Burnout inventory;
PD, personal distress; PT, perspective taking; TAS-20, Toronto Alexithymia
Scale; TPJ, temporoparietal junction. *P < 0.05, **P < 0.01.
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for the existence of the contradictory theory in burnout might be
because the relationship between dispositional empathy levels
and burnout severity is complex. For example, dispositional
empathy scores in medical interns both increased (according to
the ‘personal distress’ subscale of IRl) and decreased (according to
other subscales of the IRl) when compared from the beginning to
the end of their intern year, along with increased burnout
severity.'? Furthermore, the relationship between the strength of
empathy-related brain activity and dispositional empathy is
complex. Several studies have reported positive as well as
negative correlations between empathy disposition measures
and different brain regions2®=>° To further distinguish this
relationship, continued research is required.

Another point that warrants caution is generalizing the
burnout-empathy theory to other populations. The observed
relationship between burnout severity and empathy-related brain
activity might only apply to inexperienced nurses because
burnout can be triggered by various factors besides altered
emotional regulation, such as work-life balance, salary and
relationship with co-workers.>® Moreover, the emergence of
burnout symptoms may depend on occupational type. Profes-
sionals within human services are expected to manage their
emotions according to occupational demands. For example,
medical professionals and police officers may boost or inhibit
their emotions depending on the situation, which might
contribute to triggering burnout (for example, empathizing to
raise a strategic smile or expressing detached reception to elicit a
matter-of-fact attitude).'*** However, professionals from other
fields, such as military service members®®> and athletes,® may
experience burnout as a result of different psychological
processes. Therefore, oversimplifying the burnout phenomenon
is misleading.
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In conclusion, burnout in medical professionals might be
explained by reduced empathy-related brain activity. This reduced
brain activity was also associated with greater difficulty in
recognizing one's own emotional state, as well as with greater
self-reported empathic disposition. Our results support findings
from previous behavioral studies, arguing that burnout is related
to weakened emotional regulation. Further, our study sheds new
light on the potential to predict future burnout in medical
professionals by the application of brain imaging, which may
strongly complement existing psychological examinations. This
approach can provide remarkable clues for understanding
burnout, namely, which particular aspects of the empathic trait
and state and which neuronal processes might be associated with
burnout severity.

It is argued that individuals who are most vulnerable to burnout
in human service work are those who are highly motivated,
dedicated and emotionally involved in their work.>” Early risk
assessment of burnout in these individuals is very important
because they are indispensable for providing high-quality human
service.>® Because burnout in human service has become such a
critical issue,! further clarification of the neural mechanisms of
occupational burnout is essential.
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temporo-occipital region, either in resting-state or after acous-
tic and visual stimulation, and a CRS-Score of 11. Thus, we
decided to increase Zp dosage up to 30 mg (administered for
around 3 weeks), with a further improvement of CRS-R score
(i-e. 13) and EEG (presence of theta-beta rhythm over both the
temporal areas), and without relevant side-effects. Our case
further supports the hypothesis of a positive effect of Zp,
although at higher dosage, in improving consciousness in VS.
After brain injury or cerebral anoxic damage there is a change
either in the levels of glutamate (resulting in neurotoxicity) or
GABA neurotransmission, with reduced cell metabolism and
blood flow in brain areas adjacent to the damaged area. By
binding to modified GABA, receptors of the ‘meurodormant
cells’, Zp may cause reversal of the abnormal state and associ-
ated metabolic inhibition, with a consequent arousal.” For the
first time, we used a higher dose of Zp (30 mg) to evaluate
whether the drug's response could be dose-dependent. Indeed,
our patient’s improvement was strictly related to the increase
in Zp dosage, with a relatively good response at 30 mg. We are
not able to explain this interesting finding, although a more
effective action of high-dose Zp on the centrothalamic activity
(by potentiating the ‘mesocircuit’),’ could be taken into
account. Zp may be a valuable treatment in improving con-
sciousness, although further studies should be fostered to
confirm its efficacy, the proper dosage, and long-term safety.
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Sense of meaning in work and risk
of burnout among medical
professionals

d0i:10.1111/pen. 12217

EDICAL PROFESSIONALS ARE highly vulnerable to

burnout, which may lead to medical errors and even
suicide. Burnout may be triggered by excessive empathic dis-
tress responses,’ but may be mitigated by an enhanced sense of
meaning in one’s work,? which increases satisfaction and job
commitment. However, the effects of sense of meaning on the
correlation between empathy and burnout remain unclear.

Letters to the Editor 123

Thirty-nine nurses (29 women, aged 22-35 years) com-
pleted the Maslach Burnout Inventory (subscales: emotional
exhaustion, depersonalization),® the Interpersonal Reactivity
Index (to assess empathy; subscales: personal distress,
perspective-taking, and empathic concern),’ and Sense of
Coherence scale (SOC) to assess their sense of meaning in their
work.* A higher score on the SOC implies a stronger sense of
meaning in one’s work. First, Pearson’s correlations were cal-
culated between the measures to select independent and
dependent variables for subsequent multiple-regression analy-
ses (cut-off: P<0.05). Second, multiple-regression analyses
were performed to evaluate the predictive effect of SOC and
empathy on burnout. Finally, mediation analysis was con-
ducted to test whether SOC mediates the correlation between
empathy and burnout.

The depersonalization dimension of burnout correlated
with SOC (P < 0.001). This dimension also related to the per-
sonal distress and perspective-taking dimensions of empathy
(P=0.047 and P=0.030, respectively). SOC correlated
negatively with personal distress (P=0.001), but not with
perspective-taking (P = 0.391). Thus, in our subsequent regres-
sion analyses, we first treated levels of empathy (personal dis-
tress and perspective-taking) as independent variables, and
burnout severity (depersonalization) as the dependent vari-
able. Next, SOC was included as an independent variable.
Personal distress and perspective-taking predicted the severity
of burnout. Notably, including SOC in the analysis increased
the predictive power; R? increased from 0.23 to 0.37 after
adding SOC to the independent variables. Finally, SOC had a
significant mediating effect on the correlation between
subscales in empathy and burnout (bias-corrected/accelerated,
95% confidence intervals: 0.149-0.691).

We found that a sense of meaning in one’s work predicted
burnout by a negative correlation, and sense of meaning was a
significant mediator; the effect of empathy on burnout became
non-significant. Our findings imply that enhanced sense of
meaning may prevent burnout triggered by excessive empathic
distress because medical professionals with an enhanced sense
of meaning might recognize the greater purpose of their work,
thus finding critical situations (e.g. alleviating patients’ suffer-
ing) more fulfilling than distressing. Meanwhile, without a
sufficient sense of meaning in one’s work, exposure to patients’
distress may induce excessive empathic distress, and thereby
burnout.

As burnout has become a pervasive problem, programs to
prevent it should be introduced.? Our findings provide evi-
dence that enhancement of sense of meaning in one’s work
can have protective effects on burnout, thereby improving
quality of care. To further examine the causality between
strength of sense of meaning in work and burnout severity,
longitudinal studies should be conducted. In this endeavor,
an intervention study promoting a sense of meaning in one’s
work should shed more light on this issue. As well as serious
clinical/economic allegations, these findings have important
implications for medical administrators, academic chairs and
policy-makers.
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Headache and spontaneous
glabellar ecchymosis: More than a
self-injury behavior?

doi:10.1111/pcn.12220

33-YEAR-OLD MAN PRESENTED to our outpatient clinic

for evaluation of severe headaches located at the left eye
and forehead and multiple episodes of discoloration of the
superior glabella. The pain was described as throbbing lasting
for 30-45 min about 2-3 times per month with minimal
nausea, photophobia, left eye tearing, redness, and ptosis. The
erythema-like lesion developed after a severe headache episode
and gradually resolved over the next few days. The patient
disclosed habitually rubbing the forehead or face during pain
episodes, making an ‘artificial’ post-traumatic skin ecchymosis
unlikely.

Evaluation consisted of high-resolution brain magnetic
resonance imaging, including orbital scans, angiography and
paranasal computed tomography, which were unremarkable.
Routine blood tests were normal. The patient’s initial physical
exam and the neurologic exam were also normal. The patient
responded well to a brief course of subcutaneous sumatriptan
and oxygen for acute attacks.

The site, severity, duration of attacks, and trigemino-
autonomic symptoms as well as continuous low-grade pain
between attacks of severe pain and dramatic response to sub-
cutaneous sumatriptan appeared to be typical for trigemino-
autonomic cephalgias. To our best knowledge, this is the first
case reporting an association of glabellar ecchymosis with
cluster-type attacks. The pathogenetic cause of this phenom-
enon may be related to autonomic vascular dysfunction,
including the partial trigeminovascular system activation and
secondary neurogenic inflammation mediated by substance P
leading to dermal diapedesis of erythrocytes. In accordance
with this, previous case studies suggest an activation of the
trigeminovascular system as candidate mechanism of this
rarely seen phenomenonon.'™*

© 2014 The Authors

Psychiatry and Clinical Neurosciences 2015; 69: 122-127

It is widely known that cluster headaches not only have a
cyclic pattern, but also can involve self-injury behavior to
provide distraction from the severe head pain. In light of recent
evidences showing that self-injury behavior and behavioral
alterations are seen in both cluster headache and various cyclic
psychiatric disorders associated with headache (e.g., mixed
states bipolar disorder),? this case provides interesting evidence
that some special headache types can lead to spontaneous
formation of ecchymosis, which can help us to differentiate the
neurological and psychiatric causes of self-injury behavior. In
conclusion, bruising of the forehead associated with cluster
headache is an interesting feature not only in the headache
population but also in the psychiatric population with
headache and should be further evaluated with functional
neuroimaging (i.e. 18-Fluoro-deoxyglucose positron emission
tomography, functional magnetic resonance imaging) in order
to enlighten the interesting pathophysiological link between
psychiatric disease, headache and spontaneous formation of
ecchymosis.
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Successful treatment of excessive
supragastric belching by
combination of pregabalin and
baclofen

doi:10.1111/pcn.12223

ELCHING IS FREQUENTLY seen in functional dyspepsia
and gastroesophageal reflux disease. Only a minority of
patients suffer from so-called ‘excessive supragastric belching’
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INTRODUCTION

In recent years, there has been growing interest in understanding a person's reaction
to ambiguous situations, and two similar constructs related to ambiguity, “ambiguity
aversion” and "ambiguity intolerance,” are defined in different disciplines. In the field
of economic decision-making research, “ambiguity aversion” represents a preference
for known risks relative to unknown risks. On the other hand, in clinical psychology,
“ambiguity intolerance” describes the tendency to perceive ambiguous situations as
undesirable. However, it remains unclear whether these two notions derived from
different disciplines are identical or not. To clarify this issue, we combined an economic
task, psychological questionnaires, and voxel-based morphometry (VBM) of structural
brain magnetic resonance imaging (MRI) in a sample of healthy volunteers. The
individual ambiguity aversion tendency parameter, as measured by our economic task,
was negatively correlated with agreeableness scores on the self-reported version of
the Revised NEO Personality Inventory. However, it was not correlated with scores
of discomfort with ambiguity, one of the subscales of the Need for Closure Scale.
Furthermore, the ambiguity aversion tendency parameter was negatively correlated
with gray matter (GM) volume of areas in the lateral prefrontal cortex and parietal
cortex, whereas ambiguity intolerance was not correlated with GM volume in any
region. Our results suggest that ambiguity aversion, described in decision theory, may
not necessarily be identical to ambiguity intolerance, referred to in clinical psychology.
Cautious applications of decision theory to clinical neuropsychiatry are recommended.

Keywords: ambiguity aversion, ambiguity intolerance, agreeableness, need for closure, prefrontal cortex,
voxel-based morphometry

(ambiguous bowl). Participants are asked to select one bowl and

In recent years, there has been growing interest in understanding
a person’s reaction to ambiguous situations and two similar con-
cepts related to ambiguity, “ambiguity aversion” and “ambiguity
intolerance.” These are described in different disciplines, eco-
nomics and psychology, respectively. However, it remains unclear
whether these two notions derived from different disciplines are
identical or not.

In the field of economic decision-making research, ambigu-
ity aversion represents a preference for known risks relative to
unknown risks (Ellsberg, 1961; Camerer and Weber, 1992). In
economics, “ambiguity” refers to situations in which outcome
probabilities are unknown. On the other hand, situations in
which people know the precise probabilities of each outcome
are referred to as “risk” (Ellsberg, 1961; Camerer and Weber,
1992). To illustrate an example of ambiguity aversion, suppose
there are two bowls filled with a mix of 24 blue and red chips
each. One bowl has 12 blue and 12 red chips (risky bowl). The
composition of the other bowl is unknown to the participants

told that if a chip with the color blue is drawn, they qualify for
a predefined payoff. Most participants would choose the risky
bowl, even if its payoff is lower than that of the ambiguous one.
Theoretically, the winning probability of both options is the same.
For the risky bowl, the probability of drawing the color blue
is 0.5. For the ambiguous bowl, the probability of drawing the
color blue is unknown, but the winning probability is also 0.5.
Nevertheless, previous studies have shown that most individuals
shy away from ambiguous options (Ellsberg, 1961; Camerer and
Weber, 1992; Levy et al., 2010). Furthermore, previous studies
also showed that some individuals have higher ambiguity aversion
than others. For example, less optimistic people were reported to
have higher ambiguity aversion compared with highly optimistic
people (Pulford, 2009).

On the other hand, ambiguity intolerance is a term from
the field of psychology. This construct describes the tendency to
perceive ambiguous situations as undesirable (Frenkel-Brunswik,
1949), and this is seen in various psychiatric disorders in clinical
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