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ABSTRACT

Whilst recent neuroimaging studies have identified a series of different brain regions as being involved in
empathy, it remains unclear concerning the activation consistence of these brain regions and their specific
functional roles. Using MKDA, a whole-brain based quantitative meta-analysis of recent fMRI studies of
empathy was performed. This analysis identified the dACC-aMCC-SMA and bilateral anterior insula as
being consistently activated in empathy. Hypothesizing that what are here termed affective-perceptual
and cognitive-evaluative forms of empathy might be characterized by different activity patterns, the
neural activations in these forms of empathy were compared. The dorsal aMCC was demonstrated to be
recruited more frequently in the cognitive-evaluative form of empathy, whilst the right anterior insula
was found to be involved in the affective-perceptual form of empathy only. The left anterior insula was
active in both forms of empathy. It was concluded that the dACC-aMCC-SMA and bilateral insula can be
considered as forming a core network in empathy, and that cognitive-evaluative and affective-perceptual
empathy can be distinguished at the level of regional activation.

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

Empathy, a phenomenon characterizing our understanding and
sharing of others’ feelings, is vital to our everyday communication
and survival in a social environment (Eisenberg and Strayer, 1987).
Although the definition of empathy differs somewhat from study
to study (see a detailed review in Batson, 2009), it can be broadly
defined as the experiencing of an affective or sensory state similar
to that shown by a perceived individual, where one is aware as to
whether the source of the state is oneself or another. This opera-
tional definition allows empathy to be distinguished from related
concepts such as sympathy and theory-of-mind (both of which
involve an understanding but no sharing of another’s state), as well
as emotional contagion (where there is no awareness as to whether
the source of the experienced state is the self or another). Whilst an
increasing number of neuroimaging studies of empathy have been
carried out, these have not so far provided consistent answers to
several fundamental empathy-related questions. More specifically,
it remains unclear as to whether differing forms of empathy tasks
and stimuli elicit common patterns of neural activation, or whether
instead these produce disparate, task- or stimulus-specific, neural
responses.

Studies have utilised tasks and stimuli that range across a num-
ber of domains. A variety of feelings — such as pain (Morrison
et al., 2004; Singer et al., 2004), disgust (Jabbi et al., 2007; Wicker
et al., 2003), and happiness (Chakrabarti et al., 2006; Hennenlotter
et al., 2005; Jabbi et al., 2007) - have been used as targets for
empathy, with, in addition, empathy being induced through either
simple observation (Blakemore et al., 2005; Grosbras and Paus,
2006; Keysers et al., 2004; Singer et al., 2004; Singer et al., 2006;
Wicker et al., 2003), imagination (Jackson et al., 2006a; Lamm
et al.,, 2007), or evaluation (Gu and Han, 2007; Jackson et al., 2005;
Moriguchi et al., 2007). This variation, and the concurrent variation
in reported regions of activity, has meant that it remains unclear as
to which brain regions are consistently activated in empathy, and
thus whether or not there is a core network within the brain that
underlies empathy across all stimulus domains.

Some empathy studies have reported that an empathic response
can be evoked automatically in participants through observa-
tion, without them being aware of the goal of the experiments
(Blakemore et al., 2005; Keysers et al., 2004; Singer et al., 2004;
Singer et al., 2006; Wicker et al., 2003). This can be termed an
‘affective-perceptual’ form of empathy. In contrast, other studies
have suggested that empathic responses are substantially influ-
enced by whether or not one attends to the feelings of the target
through the explicit imagination or evaluation of feelings (Fan and
Han, 2008; Guand Han, 2007; Preston et al.,2007; see more detailed
review in Singer and Lamm, 2009). This ‘cognitive-evaluative’
form of empathy may thus potentially be differentiated from the
‘affective-perceptual’ form. Whether this is case or not remains
unclear, however.

To effectively approach these unanswered empathy-related
questions, a quantitative meta-analysis of recent fMRI studies
of empathy was carried out using the MKDA approach (Kober
et al., 2008a). This method allows the identification of those areas
that are consistently activated in empathy across all task and
stimulus domains, and thus allows the question as to whether
there is a core network in empathy to be answered. The meta-
analytical method also allows those regions that are active during
cognitive—evaluative empathy tasks to be compared with those
activated by affective-perceptual empathy tasks, revealing to what
extent the brain response to these task types overlaps or dif-
fers. The approach adopted here has the advantage over the
small number of prior empathy-related meta-analyses of study-
ing activations across the whole brain, rather than any one specific
region (specifically the temperoparietal junction in Decety and

Lamm, 2007; and the medial prefrontal cortex in Seitz et al.,
2006).

It was hypothesised, firstly, that a set of core regions would
be found to be active across all empathy task domains; and, sec-
ondly, that a differentiation would be seen between the non-core
regions active in cognitive-evaluative and affective-perceptual
empathy tasks. Based upon the literature, it was further hypothe-
sised that cognitive-evaluative empathy would specifically recruit
cortical midline structures such as the anterior mid-cingulate cor-
tex (aMCC) and dorso-medial pre-frontal cortex (DMPFC) (Lamm
et al.,, 2007), whilst regions such as the insula and midbrain would
be preferentially recruited in affective-perceptual empathy (Craig,
2009; Phan et al., 2002).

2. Methods
2.1. Study selection

A step-wise procedure was used to identify the relevant exper-
imental articles. First, studies were selected through a standard
search in PubMed (http://www.pubmed.gov) and ISI Web of Sci-
ence (http://apps.isiknowledge.com), with keywords [‘empathy’
OR ‘empathic’ OR ‘emotion contagion’ OR ‘affective theory of mind’
OR ‘affective mentalizing’] AND [‘fMRI’ OR ‘magnetic resonance
imaging’]. Search terms other than empathy were included in
order to identify any relevant studies that may have been clas-
sified as something other than empathy per se by the particular
study authors. Next, additional studies were collected by review-
ing the reference list of the relevant papers found in the first step,
or through the ‘related article’ function of the PubMed database.
Finally, the reference lists of several review articles were inspected
for furtherrelevant studies (de Vignemont and Singer, 2006; Decety
and Jackson, 2004, 2006; Decety and Lamm, 2006, 2007; Eslinger,
1998; Gallese, 2001, 2003, 2007; Gallese et al., 2004; Goubert
et al,, 2005; Hein and Singer, 2008; Jackson et al., 2006b; Lee
et al., 2008; Levenson and Ruef, 1992; Preston and de Waal,
2002; Seitz et al., 2006; Singer, 2006, 2007; Singer and Lamm,
2009).

A study was considered empathy-relevant if it required the
participant to understand and share others’ emotional or sen-
sory states. We thus included all the studies which fulfilled the
operational definition of empathy given above. Specifically, the
empathy-relevant studies met one or more of the following criteria:

- The task required the subjects to observe the emotional or sen-
sory state of others, although not necessarily with the explicit
instruction to do so, with data being analysed in a specifically
empathy-related context.

- The task required the subjects to share the emotional states of
other individuals and make judgments according to others’ feel-
ings.

- The task required the subjects to imagine the others’ feelings or
evaluate the emotion from the others’ perspective.

- The perception of others’ emotional or sensory states showed
activation which correlated with the dispositional measurement
of one’s empathy.

Other inclusion criteria were applied:

Only studies measuring healthy adults were included; studies
of patients and children were excluded. For studies comparing
patients and healthy controls, the data of the healthy control
group was included if detailed statistical analyses were per-
formed on the control group alone.
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- Only studies measuring neural activity in the whole brain were
included; studies reporting only selected regions of interest were
excluded.

- Presentation of results had been limited to regional activation

changes (as revealed by task comparison or image subtraction

methods, parametric designs, or brain-behavioral correction).

Data on changes in functional or effective connectivity were

excluded.

Only activation data were included in the relevant analysis,

whereas deactivation data were not considered.

For studies in which coordinates referred to the Talairach space, a

conversion to the Montreal Neurological Institute (MIN) standard

brain was performed according to the method developed by M.

Brett (Brett, 1999).

To investigate the similarities and differences between the
affective-perceptual and cognitive-evaluative forms of empa-
thy, the selected studies were categorized according to their
experimental paradigms. In empathy studies which adopted an
affective-perceptual task, the subjects were usually not informed
about the goal of the study, but were rather asked to passively per-
ceive a picture or film-clip depicting others’ emotional or sensory
experience. In some of the studies, a distraction task was employed.
In cognitive-evaluative task, the subjects were explicitly asked to
evaluate others’ emotional or sensory states, and overt responses
were required.

To control for stimulus-specific effects in the comparison
between affective-perceptual and cognitive-evaluative forms of
empathy, the stimulus modality of these studies were described
for these two categories respectively, including the emotional
or sensory feeling empathised by the subject, i.e., angry, anxi-
ety, disgust, fear, happy, multiple emotion, pain, sad, and touch,
as well as whether the stimuli were based on somatosen-
sation. Chi-square tests were conducted to examine whether
the selected empathy relevant studies were equally distributed
into the affective-perceptual and cognitive-evaluative category,
and whether the constitution of studies relying upon differ-
ent types of stimuli differs between affective-perceptual and
cognitive-evaluative empathy. Since MKDA results are also
affected by the sample size and the quality of the statistical analy-
sis of the original studies, studies in these two categories were also
compared concerning their sample size and the false discovery rate
correction they adopted.

2.2. Multi-level kernel density analysis (MKDA)

Following the MKDA approach used in several recently pub-
lished meta-analyses (Etkin and Wager, 2007; Kober et al., 2008b;
Wager et al., 2008; Wager et al., 2007; Wager et al., 2009), peak
coordinates in a particular statistical contrast map (SCM) were
collected for the selected empathy relevant studies. The MKDA
approach has several important advantages: Unlike previous voxel-
wise meta-analytical methods (i.e., ALE, KDA) which summarise
peak coordinates directly, the MKDA algorithm first constructs acti-
vation indicator maps from the reported coordinates of each study
before it summarises these activation indicator maps. This ‘random
effects’ approach takes account of the multilevel nature of the data,
and prevents the results from being biased by a large number of
peak coordinates reported by a single study, thus accessing true
consistency across studies. MKDA also allows the activation indi-
cator maps entering the meta-analysis to be weighted based on
the sample size and the quality of the statistical analysis used in
the original study, so that larger and more rigorously performed
studies can exert more influence on the meta-analytic results.

To integrate peaks across space, the peaks obtained from each
SCM were convolved with a 10 mm spherical kernel and thresh-

olded at a maximum value of 1, so that multiple nearby peaks were
not counted as multiple activations. This resulted in an indicator
map for each SCM, where a voxel value of 1 indicates a peak in
the neighbourhood, whilst 0 indicates the absence of a peak. The
weighted average of all indicator maps provided a summary map,
in which the weight of each SCM was the square root of the sam-
ple size multiplied by an adjusted number (1 - the SCM resulted
from a random-effect analysis; 0.75 - the SCM resulted from a
fixed-effects analysis) and a user defined number (1 - the SCM
reported results at a corrected level, either FWE or FDR; 0.75 - the
SCM reported uncorrected results). Finally, a statistical threshold
was established through 5000 iterations of a Monte-Carlo proce-
dure, and the results were reported as an MKDA statistic map at a
height threshold of FWE corrected p <0.05 and a stringent thresh-
old of uncorrected p<0.001. To rule out the possible confounding
stimuli-specific effect, the weighted proportion of contrasts acti-
vated within each cluster was also calculated for studies adopting
different types of stimuli.

2.3. Comparison between affective-perceptual and cognitive
evaluative empathy

To compare the similarities and differences between
affective-perceptual empathy and cognitive-evaluative empathy,
the whole database was divided into two sub-databases, with
an MKDA analysis being conducted for each one of them. The
two MKDA statistic maps were mounted on the same stereotaxic
standard brain to indicate the overlapping and distinctive regions
involved in these two tasks.

To further confirm the activation specificity across two sub-
databases, separate maps constructed for each of the two task
types were subtracted to yield difference maps. The same proce-
dure was employed in the course of the Monte Carlo randomisation
to establish a threshold for significant differences. The results were
reported as an MKDA subtraction map at a height threshold of FWE
corrected p<0.05.

To rule out the possible confounding stimulus-specific
effect in the comparison between affective-perceptual and
cognitive—evaluative empathy, the weighted percentage of con-
trasts activated within each cluster was calculated for studies
adopting different type of stimuli.

3. Results

3.1. Description of the selected studies and the balances between
its categorizations

Forty studies — with 50 contrasts and 664 peak coordinates —
were considered to be relevant for empathy, and thus included in
our analysis (see Supplementary Table 1). Among these 50 con-
trasts, 32 contrasts investigating the affective-perceptual forms
of empathy were compared with 18 contrasts investigating the
cognitive-evaluative forms of empathy. The stimulus modality
investigated in these contrasts is described in Supplementary Table
2. Chi-square test showed no significant difference between con-
trasts investigating affective-perceptual and cognitive-evaluative
forms of empathy regarding their constitution of the tar-
get feelings empathised by the subject (}2(8)=11.205, p>0.1),
despite there being more contrasts of empathy for pain than
other feelings in both categories (in affective-perceptual empa-
thy: x2(8)=26.500, p<0.001; in cognitive-evaluative empathy:
x2(3)=11.300, p <0.01 with zero counts in several cells). Chi-square
testalso showed that there was no significant difference concerning
the proportion of somatosensory-based stimulus and non-
somatosensory based stimuli between the affective-perceptual
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MKDA results for all empathy relevant studies
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Fig. 1. Brain regions showing consistent activation across all empathy studies, with threshold level at FWE corrected p <0.05 (yellow colour in a and b) and p<0.001
uncorrected (red colour in b). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of the article.)

and cognitive-evaluative forms of empathy (x2(1)=0.496, p >0.4).
Moreover, no significant difference was observed between the con-
trasts investigating affective-perceptual and cognitive-evaluative
forms of empathy concerning their sample size ({(48)=-0.028,
p>0.9) and the quality of their statistics (whether their results
were corrected from false discovery rate or not; x2(1)=0.573,
p>0.4)

3.2. MKDA results of all empathy relevant studies

Three main clusters of activation were identified by the MKDA
analysis of all the empathy relevant studies at an FWE corrected
level (p < 0.05, cluster size > 10 voxels). The first cluster was centred
at the anterior midcingulate cortex (aMCC), with its ventral-rostral
edge extending to dorsal anterior cingulate cortex (dACC) and its
dorsal-caudal edge extending to supplementary motor area (SMA).
This corresponds to the caudal part of Brodmann Area 32 and the
rostral part of Brodmann Area 6 (adjacent to Brodmann Area 8) (see
Fig. 1 and Table 1). The second and third clusters were centred at
the left and right anterior insular cortex, respectively, and extended
to the adjacent inferior frontal gyrus, corresponding to Brodmann
Area 13 and 47 (see Fig. 1 and Table 1). Three more clusters, located
at bilateral dorsal medial thalamus (DMT), medial orbital frontal
cortex (OFC) and midbrain, were found at a less stringent threshold
level (uncorrected p <0.001, cluster size > 3273 mm?) (see Fig. 1).In
contrast to some previous studies (Benuzzi et al., 2008; de Gelder
etal., 2004; Grosbras and Paus, 2006; Lawrence et al., 2006), regions
from the putative mirror neuron system, such as the left inferior
frontal gyrus (IFG; BA 45) and bilateral inferior parietal lobule (IPL;
BA 40), were not observed in our results at a corrected level. Finally,
in order to verify that the observed activation consistence was not
solely contributed by a specific type of stimuli, we calculated the
weighted activation proportions for contrasts investigating differ-
ent feelings empathised by the subjects. The weighted activation
confirmed that the activation of these three brain regions, the
dACC-aMCC-SMA and the bilateral Al, was contributed by a cer-
tain percentage of contrasts investigating empathy for disgust, fear,
pain, and those contrasts using more than one type of emotion as
stimuli (see Table 1).

3.3. Comparison between affective-perceptual and
cognitive-evaluative forms of empathy

The left anterior insula (BA 13) was found to be recruited in
both affective-perceptual and cognitive-evaluative forms of empa-
thy (see Table 2); this was further confirmed when the MKDA
statistic maps of the two tasks were mounted together, showing
aregional overlap in exactly this region (see Fig. 2). In contrast, the
right anterior insula extending to right inferior frontal gyrus (BA
13/47) was found more frequently involved in affective-perceptual
forms of empathy, confirmed by the MKDA subtraction analysis (see
Table 2). The dorsal part of left anterior midcingulate cortex (BA32)
was more frequently activated in cognitive-evaluative rather than
affective-evaluative forms of empathy, as confirmed in the MKDA
subtraction analysis (see Table 2). To further ensure that the differ-
ences between the affective-perceptual and cognitive-evaluative
forms of empathy were not due to the difference between two spe-
cific types of stimuli, weighted activation proportions of contrasts
investigating different type of stimuli were calculated (see Table 2).
These affirmed that the two brain regions differentiating the two
forms of empathy, the dorsal aMCC and the right Al, were not solely
contributed by contrasts from a specific type of emotion (Fig. 3).

In addition to these results on the FWE corrected level, addi-
tional regions were observed at a less stringent threshold level
(p<0.001 uncorrected, cluster size>3133 mm?3). The ventral part
of anterior midcingulate cortex extending to right dACC, mid-
brain and right DMT were shown to be more frequently engaged
in affective-perceptual forms of empathy; whilst the left OFC
and left DMT were shown to be more frequently associated with
cognitive-evaluative forms of empathy.

4. Discussion

A quantitative meta-analysis on fMRI studies of empathy was
conducted in order to, firstly, determine the existence of a shared
network of brain regions across all task and stimulus domains; and,
secondly, to identify any differences in brain activation between
two putative empathy types, affective-perceptual and cognitive
evaluative. As hypothesised, a collection of brain regions consis-
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Comparison between affective-perceptual and cognitive-evaluative forms of empathy

Midcingulate cortex

| Left anterior insula | | Right anterior insula |

(FWE corrected p < 0.05)
. Cognitive-evaluative empathy

. Affective-perceptual empathy

b I Supplementary motor area l I Right precentral gyrus I

(uncorrected p < 0.001)
Neural overlaps

Fig. 2. Comparison between brain regions consistently activated in the affective-perceptual (red colour in a and b) and the cognitive-evaluative forms of empathy (green
colour in a and b), with threshold level at (a) FWE corrected p<0.05 and (b) p<0.001 uncorrected, respectively. Neural overlapping regions were shown in yellow colour.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of the article.)

tently activated during empathy, independent of task and stimulus
type, was identified, consisting of the dACC-aMCC-SMA and the
bilateral Al. The affective-perceptual and cognitive-evaluative
forms of empathy were found to activate differential regions, in
addition to a set of regions conserved between them. The right
Al was more likely to be activated in the affective-perceptual
forms of empathy (with the left Al being involved in both
forms), whilst the dorsal aMCC was more frequently found in the
cognitive-evaluative forms of empathy.

Confirming the neural basis of empathy suggested by previous
descriptive reviews of neuroimaging studies (Singer, 2006; Singer
and Lamm, 2009), our meta-analysis provides the first quantitative
whole brain meta-analytic evidence of the consistent activation of
dACC-aMCC-SMA and bilateral Al in empathy. Most importantly,
this result is based on whole brain analysis across a variety of
different empathy studies, indicating that these regions may be
considered core regions of empathy whose activation does not
rely on a specific task or stimulus type. Furthermore, it was found
that activations in these three brain regions were not restrained

Characterization of the empathy network

ightanterior insula’

Fig. 3. Regions identified as being active in each of cognitive-evaluative and
affective-perceptual empathy. Region names in white text denote that they are
present at a corrected threshold (p <0.05, FWE corrected), whilst names in black
denote that they are present at an uncorrected threshold only (p <0.001).

within one particular type of emotion. On the contrary, activations
in dACC-aMCC-SMA and bilateral Al were observed when the sub-
jects empathised with others’ pain, fear, happiness, disgust, and
anxiety, as shown by the weighted activation proportion of studies
adopting different types of emotions. This indicates that the recruit-
ment of these core regions may serve a central function related
more to empathy initself, rather than processing specific emotional
content.

What, though, is the central function of these regions for empa-
thy? Motivated by previous research comparing neural activation
in empathy and the brain regions engaged in the first hand expe-
rience of one’s own emotion, simulation has long been proposed
as the core mechanism underlying empathy (Gallese, 2001, 2003,
2007; Preston and de Waal, 2002). Simulation describes the rep-
resentation of other’s motor action, feelings, thoughts, etc., by the
corresponding processes in oneself. Thus empathy of another’s fear
would, it is suggested, involve the same emotion being represented
in one’s own fear-related networks.

In this context, the putative ‘mirror neuron system’ (a system
proposed in humans based on an inference from the findings of
‘mirror neurons’ in monkeys (Gallese et al., 1996; Preston and de
Waal, 2002)) is often suggested to play a key role, based on several
studies demonstrating the engagement of the left IFG and IPL in
the observation as well as execution of the same emotional facial
expression (Carr et al., 2003; Leslie et al., 2004; van der Gaag et al.,
2007). However, other studies did not report such involvement of
mirror neuron system regions (Cheng et al., 2007; Farrow et al.,
2001; Hynes et al., 2006; Jackson et al., 2006a; Jackson et al., 2005;
Moriguchi et al.,, 2007). Our meta-analytic results did not show
consistent activation of these mirror neuron system regions at a
corrected level, suggesting that this system is not centrally involved
in empathy per se (see Decety, 2010 for a similar view). Instead our
results support the central role of bilateral Al and dACC-aMCC-SMA
in empathy.

This however does not exclude the possibility that simulation
may still be crucially involved. The bilateral Al has been associated
with predominantly interoceptive processing (Craig, 2002, 2009;
Critchley et al., 2004). During empathy, in contrast, the subject
encounters exteroceptive rather than interoceptive stimuli. Empa-
thy nevertheless has been shown here and elsewhere to involve the
insula, strongly suggesting some form of linkage between intero-
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Table 1

MKDA results of all empathy relevant studies.

Region BA MNI coordinates Maxstat. Vol. Weighted activation proportion (%)
Angry Anxiety Disgust Fear Happy Multi- Pain Sad Touch
emotion
X Y z 2 1 4 2 5 11 21 2 2
Right insula/inferior frontal gyrus 13/47 38 24 -2 0.32 373 0 100% 30.79% 100% 22.52% 30.32% 67.81% 0 55.25%
O Right insula/inferior frontal gyrus 47 38 24 -8
O Right insula/inferior frontal gyrus 47 40 24 0
Left insula/inferior frontal gyrus 13/47 —42 18 0 0.28 311 100% 0 78.92% 100% 42.92% 41.98% 65.22% 4549% 0
O Left insula 13 -36 16 2
O Left inferior frontal gyrus 47 -48 16 0
O Left inferior frontal gyrus 47 —42 20 -2
Left anterior mid cingulate cortex/dorsal 32 -2 24 38 0.25 176 0 100% 20.37% 48.46% 0 21.36% 64.79% 0 0
anterior cingulate cortex
Left supplementary motor area 6 -4 14 54 0.22 35 0 1007% 51.16% 51.54% 0 40.46% 56.78% 0 0
O Left supplementary motor area 6 0 14 54
O Left supplementary motor area 6 -8 12 48
Right supplementary motor area 6 6 8 60 0.22 28 0 100% 51.16% 51.54% 0 37.14% 37.15% 0 0

Note. MNI coordinates for the most consistent peak activation foci across all empathy studies, reported at a threshold level of FWE corrected p <0.05, cluster size > 10 voxels, with their corresponding Brodmann Area (BA), the
maximum statistic value (Maxstat.), the number of voxels (Vol.), and the weighted percentage of contrasts activated in each cluster calculated for each type of stimuli respectively. (The total number of contrasts for each type of
stimuli is listed as bold size number below the stimuli labels.).

Table 2

MKDA results of affective-perceptual and cognitive-evaluation empathy.

Region BA X y z Maxstat. Voxels Weighted Activation Proportion (%)

Angry Anxiety Disgust Fear Happy Multi-emotion Pain Sad Touch
Affective-perceptual empathy 2 1 3 2 5 4 12 1 2
Right anterior insula/inferior frontal gyrus 13/47 40 24 -4 0.41 295 0 100% 39.02% 100% 22.52% 23.63% 68.96% 0 55.25%
Left anterior insula/inferior frontal gyrus 13/47 -44 18 0 0.32 84 53.9% 0 64.83% 100% 42.92% 31.87% 68.38% 100% 0
Right supplementary motor area 6 6 8 58 0.25 10 0 100% 64.83% 51.54% O 59.47% 39.49% 0 0
Cognitive-evaluation empathy 0 0 1 0 0 7 9 1 0
Left anterior midcingulate cortex 32 -6 18 46 0.49 203 0 45.7% 72.5% 0
Left anterior insula 13 -34 16 0 0.35 9 0 12.21% 60.99% 0
Affective-perceptual > Cognitive-evaluation 2 1 3 2 5 4 12 1 2
Right anterior insula/inferior frontal gyrus 13/47 44 28 0 0.29 34 0 100% 39.02% 100% 0 23.63% 68.96% 0 55.25%
Cognitive-evaluation > Affective-experiential 0 0 1 0 0 7 9 1 0
Left anterior midcingulate cortex 32 -6 20 46 0.45 88 45.7% 72.5%

Note. MNI coordinates for the most consistent peak activation foci within affective-perceptual forms of empathy and cognitive—evaluative forms of empathy respectively, as well as results of the subtraction between these two
forms of empathy, reported at a threshold level of FWE corrected p <0.05, cluster size > 10 voxels, with their corresponding Brodmann Area (BA), the maximum statistic value (Maxstat.), the number of voxels (Vol.), and the
weighted percentage of contrasts activated in each cluster calculated for each type of stimuli respectively. (The total number of contrasts for each type of stimuli is listed as bold size number below the stimuli labels.).
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and exteroceptive stimuli in empathy (Lamm and Singer, 2010;
Singer et al., 2009; Wiebking et al., 2010). The exact nature of this
intero- and exteroceptive linkage and its mediation by the insula
remain unclear however.

In a second main finding, it was revealed that the dorsal part of
the aMCC on the left hemisphere was engaged more frequently
in the cognitive-evaluative forms of empathy, whilst the right
Al engaged more frequently in the affective-perceptual forms of
empathy. Unlike the right Al, the left Al engaged in both forms of
empathy (i.e., both affective-perceptual and cognitive-evaluative).
The weighted activation proportion also showed that such a divi-
sion of the core empathy network identified here is not restrained
within one particular type of stimuli modality, providing strong
evidence against an explanation for these findings through possi-
ble stimulus-specific effects. Supporting previous hypothesis, these
findings provide the first piece of meta-analytic evidence con-
firming the distinct and associated neural bases underlying the
affective-perceptual and the cognitive-evaluative forms of empa-
thy.

The finding that an asymmetry exists between the right and
left Al between the cognitive-evaluative and affective-perceptual
forms of empathy reflects previous findings of functional and
anatomical differences between these two regions (Craig, 2009).
The right Al has been suggested to be involved in a circuit that also
includes paralimbic regions such as the thalamus and PAG, and
which may be involved in the evaluation of ‘bottom-up’ intero-
and exteroceptive affective signals (Kober et al., 2008b), as well
as being suggested to be more involved in the processing signals
from the body (Craig, 2002, 2003, 2009; Critchley et al., 2004). The
preferential involvement of this region in the affective-perceptual
form of empathy may thus be related to this interaction with such
sub-cortical regions. In contrast, the assumable further processing
or linkage involved in the cognitive-evaluative form of empathy
would appear to be mediated by the left Al alone. These points
remain speculative at present, however.

The finding that the dorsal aMCC is involved in the
cognitive-evaluative forms of empathy (and, at a lower signif-
icance level, the involvement of the ventral aMCC, extending
to dACC, in the affective-perceptual forms of empathy) are
in concordance with previous cytoarchitecture and receptor
architecture researches highlighting the aMCC and dACC as chemo-
architectonically distinct brain structures (Palomero-Gallagher
et al., 2008; Palomero-Gallagher et al., 2009; Vogt et al., 2003; Vogt
and Vogt, 2003). Connectivity results (Vogt et al., 2003; Vogt and
Vogt, 2003) have shown that the aMCC, extending to SMA, with
its direct connection to the spinal cord and skeletal movement,
plays a key role in the motor-motivation component of empathy,
whilst dACC connects with limbic system, potentially coding the
value of affective stimulus. Our finding suggested a dorsal ven-
tral division of aMCC, in which the dorsal aMCC involved more in
the cognitive-evaluative forms of empathy and the ventral part
involved more in the affective-perceptual forms of empathy.

Although the results of the current analysis appear to give
compelling support to each of the study’s two hypotheses, there
are naturally limitations inherent within the technique of meta-
analysis, and in particular in cases such as this where there have
been a slightly limited number of source studies undertaken. This
shortage of source studies was particularly acute in relation to stud-
ies where empathy was induced by audio rather than visual stimuli,
thus potentially restricting the applicability of the study’s conclu-
sions across all domains. However, were these findings to simply
be an artifact of the stimuli type, one would not expect to see the
dACC/aMCC and insula to be identified in empathy-type studies
that utilise other stimuli or media. A variety of empathy-related
studies not suitable for inclusion in the current meta-analysis do,
however, show activations in these regions, suggesting that the

activation of these core regions is a result of there being some
underlying core process, rather than a product of a particular stim-
ulus type (Bach et al., 2008; Brune et al., 2008; Mitterschiffthaler
et al,, 2007; Morris et al., 1999; Sander et al., 2007; Sander and
Scheich, 2005; Warren et al., 2006). Further investigation utilis-
ing non-visual stimuli aimed towards filling this particular gap is
required.

Limited by insufficient studies within the domain of each
emotion being empathised, we could not directly compare each
emotion directly, which sets limit on our conclusion as to the
vital role of the three core regions in empathy towards differ-
ent emotions. However, the activation proportion clearly showed
that the activation of the three core regions is not restrained by
specific emotion type, which is consistent with previous findings
(Lamm and Singer, 2010; Singer et al., 2009; Singer and Lamm,
2009). It should also be noted that, whilst the proportion of stud-
ies from each stimulus domain in the cognitive-evaluative and
affective—perceptual classes did not differ significantly, the over-
all number of pain-related studies was greater than that of other
empathy domains. Replication of the current results when a more
extensive and balanced selection of studies becomes available may
thus be warranted.

Some recent studies of empathy have suggested that there is a
differentiation in the neural response to empathy-related stimuli
according to gender (e.g., Derntl et al., 2010; Schulte-Ruther et al.,
2008; Singer et al., 2006). With few studies of this effect available
at present it was not possible to compare males and females in
the current analysis. There is thus the possibility that gender dif-
ferences exist in the regions forming the core-network and their
activity. Those studies that do show gender differences in rele-
vant task-types generally highlight areas outwith those identified
in the current study (e.g., the amygdala (Derntl et al., 2010) and
inferior frontal gyrus (Schulte-Ruther et al., 2008)), however, and
so it seems likely that the overall findings described here apply to
both sexes, with any specific differences existing in other, non-core,
regions. Further investigation of this issue is required, however.

The nature of coordinate-based meta-analysis means that it
does not take into account the deactivation information of the orig-
inal studies (Salimi-Khorshidi et al., 2009). Especially concerning
the subtraction analysis between the affective-perceptual and the
cognitive-evaluative forms of empathy, its results could possibly be
influenced if there is more deactivation within one of the two cat-
egories. The impact of deactivation regions in empathy thus needs
to be investigated in future studies.

Restrained by the available fMRI studies, the majority of regions
identified in our meta-analysis were located within the cortex, the
involvement of sub-cortical regions was also apparent, i.e. the DMT
and midbrain. That more sub-cortical regions are not flagged in our
meta-analysis may be due to the relative insensitivity of fMRI to
activations in these regions. As highlighted by Grimm et al. (2009,
2008), many higher brain regions correlated negatively with affec-
tive ratings, whilst subcortical networks correlate positively during
the viewing of emotional material. One may wonder if the affective
impact of empathy may also have a subcortical locus of control.
Moreover, that such ‘lower’ brain regions are also central to empa-
thy is supported by observation of empathy-like behaviour in mice
(Chen et al., 2009; Langford et al., 2006). Further work on these
regions in empathy is required in order to clarify the situation. In
particular, the wider range of techniques, such as lesion or direc-
tional connectivity studies, which are available to animal rather
than human studies, would provide extremely valuable insight, and
may further highlight the conceptual issues in development such
as the formation of attachment bonding and care giving (Panksepp,
1989/2004; Watt, 2007).

From a methodological perspective, the empathy-relevant con-
trasts taken in our meta-analysis usually revealed brain regions
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involved in empathy in general, rather than any interaction or
modulation. We thus did not choose studies that measured empa-
thy through its interference upon another task (such as through a
Stroop task Lee et al., 2008), nor by its sensitivity to other impact-
ing factors (for example experties, as in Cheng et al., 2007; or the
reality of stimuli, as in Gu and Han, 2007), and so the impact of
these factors upon our conclusions remains unknown at present.
In addition, MKDA meta-analysis regards only the location of brain
activation, and so is insensitive to any information about activation
amplitude. This means that some variation in the degree of activa-
tion of the core regions (i.e., the dACC-aMCC-SMA and bilateral Al)
may exist across the range of task and stimuli types.

To conclude, as hypothesized, MKDA meta-analysis identified a
set of neural areas that are consistently activated in empathy across
a various of empathy paradigms. It is suggested that these areas,
the dACC-aMCC-SMA and bilateral anterior insula, support a core
function underlying empathy. It was further demonstrated that the
affective-perceptual and cognitive-evaluative forms of empathy
are subserved by different but associated neural bases, suggesting
a more detailed division of specific functions within regions of this
core empathy network.
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