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The  anatomy  of  vicarious  experience  in  animal  and  human  studies  is reviewed.
The  ACC  gyrus  and  anterior  insula  are  central  to  vicarious  experience.
Vicarious  experience  can  rely  on  both  shared  and  non-shared  neural  responses.
Aspects  of vicarious  experience  may  be atypical  in  psychopathy  and autism.
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a  b  s  t  r  a  c  t

Empathy,  the  ability  to vicariously  experience  and  to  understand  the  affect  of  other  people,  is fundamental
for  successful  social-cognitive  ability  and  behaviour.  Empathy  is  thought  to  be  a critical  facilitator  of
prosocial  behaviour  and  is  disrupted  in  a number  of  psychiatric  and  neurological  disorders.  Research
has  begun  to uncover  the  neural  basis  of such  ‘vicarious  experience’,  which  has  been  studied  as  a proxy
measure  of  empathy.  Together,  these  studies  have  identified  portions  of the insula  and  anterior  cingulate
cortex  as critically  involved.  A key  debate  is  whether  overlapping  or  non-overlapping  brain  areas  respond
to personal  and  vicarious  experience.  This  review  will highlight  emerging  evidence  for  both  types  of
brain  response.  Importantly,  animal  models  have suggested  that  there  are  central  divisions  between
the  anterior  cingulate  gyrus  and  anterior  cingulate  sulcus  that  may  be crucial  for  understanding  social
nterior cingulate cortex
nterior insula
sychopathy
utism

behaviour.  Attention  to this  specific  anatomy  of  vicarious  processing  could  therefore  help  shed  light  on the
functional  profile  of empathy.  Studies  in  individuals  with  psychopathy  and  autism  spectrum  disorders
have  found  that vicarious  experience  is  atypical.  However,  the  precise  nature  of  these  atypicalities  is
mixed.  Understanding  the  mechanisms  of vicarious  experience  can  enhance  our knowledge  of the  neural
basis  of  empathy  and, ultimately,  help  those  with  disorders  of  social  cognition  and  behaviour.

© 2016  The  Author.  Published  by  Elsevier  B.V.  This  is  an open  access  article  under  the  CC  BY  license

(http://creativecommons.org/licenses/by/4.0/).
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. Introduction

Humans are highly social creatures, living in complex social
nvironments and spending much of their lives interacting with,
nd thinking about, others. During social interactions, a crucial first
tep is to perceive events that will have an impact on others. Pro-
essing these events is key for empathising and successful social
nteraction. This includes resonating with others’ pain, but also feel-
ng the joy of other people. Studies in the field of social neuroscience
ave attempted to identify the neural substrates of such ‘vicari-
us experience’. In human studies, overlapping neural responses
o events for self and others have often been interpreted as a proxy

easure of empathy [1,2].
Empathy is thought to be an important motivating factor for

rosocial behaviour [1,3–6] and is altered in a number of psychi-
tric and neurological disorders including psychopathy and autism
7,8]. Understanding the mechanisms of empathy is therefore not
nly of scientific interest but, in the long term, could have practi-
al implications for promoting prosocial interactions and helping
ndividuals with disorders of social behaviour.

In this review, the background, definitions and structure of
mpathy will be addressed. Studies that have examined the neural
asis of empathic/vicarious experience will be reviewed and it will
e shown that findings support both overlapping and distinct neu-
al responses to personal and vicarious experience. In particular,
ubdivisions in anterior cingulate cortex and insula are suggestive
f relative specificity, as well as overlap, when processing informa-
ion about others. Finally, the possible implications of the extant
vidence base for understanding disorders of social cognition and
uture directions are critically discussed.

.1. What is empathy?

The psychologist Edward Titchener first introduced the word
empathy” into the English language over 100 years ago, as a trans-
ation of the German word Einfühlung (“feeling into”). Whilst there
s no complete consensus as to the precise definition of empa-
hy, most theorists agree that empathy is, broadly, the ability to
icariously experience and to understand the affect of other people
1,6,9–11], but see [12] for a different perspective.

An important distinction within the structure of empathy is
ften made between emotional/affective and cognitive aspects.
ffective empathy is commonly understood as an affective state

such as the experience of emotion, pain or reward), caused by shar-
ng the state of another person through observation or imagination
f their experience [1,5]. Although an observer’s emotional state

s isomorphic with that of another person, the observer is aware
hat someone else is the source of that state [5]. Cognitive aspects
f empathy are commonly referred to as perspective taking, men-
alising or theory of mind. Combined, these processes enable an
bserver to understand another person’s beliefs, desires and emo-
ions [13]. In this review, both components are seen as important

ontributors to the experience of empathy (in line with [9]). How-
ver, it is important to note that some authors define empathy as
omprised only of the “affective” components and label the “cogni-
ive” components as a separate but related construct of “theory of
 .  . .  . . . .  . . .  . . . . .  .  . . . . .  . .  .  .  . . .  . . .  . . . . . . .  .  . . .  .  . . . .  .  .  . . . . .  . . . . . . .  .  .  .  . . .  .  . .  . . . .  .  263

mind” or “mentalising” on the basis that they rely on largely distinct
neurocognitive circuits (e.g. [14]).

It is generally agreed that affective empathy should be dis-
tinguished from emotion contagion, mimicry, empathic concern,
compassion and sympathy [1,9]. Although these processes usu-
ally occur in similar contexts they have been distinguished from
empathy conceptually. For example, a recent model of empathy,
entitled the self-to-other model of empathy (SOME; [9]) highlights
that emotional contagion is a key precursor to empathy but does
not have to involve a distinction between self and other. Thus,
although emotion contagion may  be necessary for empathy, and
is an instance of a vicarious experience, on its own  it is not suf-
ficient due to a lack of self-other distinction. Empathic concern,
which is also called ‘sympathy’ or ‘compassion,’ involves ‘feeling
for’ the other person [1] and is associated with motivation to alle-
viate their suffering. Empathic concern is frequently equated with
empathy. However, because empathic concern does not necessarily
involve any vicarious experience, it is distinguishable from affective
empathy.

Various self-report and behavioural measures have been devel-
oped to capture variability in empathy. One of the first of these
measures, the Interpersonal Reactivity Index (IRI, [15]) has been
hugely influential in the field of empathy research. The IRI con-
tains subscales measuring empathic concern, perspective taking,
personal distress and fantasy. The perspective taking and fantasy
subscales are suggested to measure cognitive empathy, whereas
the empathic concern and personal distress subscales are thought
to assess affective empathy. However, it is unclear how the different
components of the IRI relate to empathy as defined in this review
and the field more generally. For example, the fantasy scale con-
tains items such as “I daydream and fantasize, with some regularity,
about things that might happen to me”  which does not measure
feeling or understanding the affect state of another person. The per-
sonal distress subscale asks questions about personal responses to
emergency situations e.g. “When I see someone who badly needs
help in an emergency, I go to pieces.” and such responses may
involve both empathising and sympathising [16]. Moreover, the
IRI possesses no specific measure of vicarious experience, only
empathic concern (sympathy), and thus does not measure the con-
ceptualisation of empathy adopted in the current review and in the
field more generally (e.g [1,6,9,10]).

To overcome these limitations and to create an instrument that
assesses the multidimensional nature of empathy more closely and
reflects current definitions of empathy, the Questionnaire of Cog-
nitive and Affective Empathy (QCAE) was developed by Reniers
and colleagues [17]. The QCAE is an instrument devised to mea-
sure five key components of empathy. In the development of the
QCAE, two raters selected items from other commonly used empa-
thy measures (e.g. Hogan Empathy Scale (HES;[18])), Interpersonal
Reactivity Index (IRI; Davis, 1983), Balanced Emotional Empathy
Scale (BEES;[19]), and Empathy Quotient (EQ; [20]) if they were
deemed to measure empathy (see items below). Items deemed to
measure other processes (e.g. sympathy) were not included. These

items were then subjected to an exploratory factor analysis to iden-
tify the underlying structure of their associations and then to a
confirmatory factor analysis in a separate sample to confirm the
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dentified structure, which is the ‘gold standard’ approach to ques-
ionnaire development and validation [21].

The five subscales identified by this procedure were: perspective
aking (e.g. “I can easily tell if someone else wants to enter a con-
ersation.”); online simulation (e.g. “Before criticizing somebody,

 try to imagine how I would feel if I was in their place.”); emo-
ion contagion (e.g. “I am happy when I am with a cheerful group
nd sad when the others are glum.”); peripheral responsivity (e.g.
I often get deeply involved with the feelings of a character in a
lm, play, or novel.”); and proximal responsivity (e.g. “I often get
motionally involved with my  friends’ problems”). These subscales
an be further grouped into two factors that the authors named
ognitive and affective empathy. Cognitive empathy comprises the
ubscales of perspective-taking and online simulation, whereas
ffective empathy comprises the subscales of emotion contagion,
eripheral responsivity and proximal responsivity. The QCAE has
een shown to have well-validated psychometric properties [17].
nd measures empathy as a multidimensional phenomenon com-
rised of related but separable constructs.

In neuroimaging studies the majority of work has focused on
tudying neural responses to vicarious experience (events that will
ave an impact upon others including others’ pain and reward) as

 proxy measure of empathy, and examining variability in these
eural responses as a function of self-reported empathy. Although
any proxy behavioural measures of empathy have been devel-

ped (e.g. Reading the Mind in The Eyes, Multifaceted Empathy
est [22], Animations Test [23]) this review will focus on neural
esponses during vicarious experience, particularly the perception
f others’ pain or reward, in order to draw parallels across studies
ore closely, and also with studies in non-human animals.

. Anatomy of the anterior cingulate cortex and anterior
nsula

The anterior cingulate cortex (ACC) and anterior insula (AI)
re key brain regions that respond during vicarious experience
2,24–26]. Consequently, understanding the functional anatomy of
hese regions is crucial to understand how vicarious information is
rocessed and to enable comparisons to be drawn across species
27] (Fig. 1).
The cingulate cortex is anatomically and functionally het-
rogeneous and consists of distinct cytoarchitectonic zones (i.e.
ifferences in cellular structures indicative of functional sub-
ivision) (See Fig. 2a) [28,29]. These zones have been broadly
ula. SMA = supplemental motor area, ACCs = sulcal portion of the anterior cingulate
, Id = dysgranular mid  insula, Ig = granular posterior insula.

labelled as retrosplenial, posterior, mid  (MCC) and anterior (ACC)
[28–31]. In both the MCC  and ACC there are further subdivisions
between the sulcus (MCCs/ACCs, henceforth ACCs) and the gyrus
(MCCg/ACCg, henceforth ACCg) that point to distinct functional
properties (Fig. 2). The ACCs (often referred to as ‘dorsal ACC,
regions 24c/c’ and 32/32′) has connections to primary motor, pre-
motor, supplementary motor (SMA) and pre-supplementary motor
(pre-SMA) cortices intraparietal sulcus, orbitofrontal cortex and
nucleus accumbens [32–34]. Posterior portions of the ACCs are
often considered motor aresa based on their direct projections
to the spinal cord [35–37] and electrical stimulation of neurons
in ACCs results in limb movements [38]. In contrast, the ACCg
(areas 24 a, b, a’ and b’) has connections to posterior portions of
the superior temporal sulcus, the temporo parietal junction and
dorsomedial prefrontal cortex (dmPFC) [39,40–42] that are well
known to be engaged when processing the mental states of others
[13]. Importantly, the ACCg has strong connections to anterior, but
not posterior insula [43]. Both ACCs and ACCg have common con-
nections to medial and lateral portions of the orbitofrontal cortex
[44,45] and to the nucleus accumbens [46,47] suggesting involve-
ment of both regions in processing rewards. However, there is no
evidence of connections from TPJ, pSTS and dmPFC to ACCs.

The insula is also an anatomically and functionally hetero-
geneous region. Based on the degree of granularity, modern
descriptions of the insula generally agree on three subdivisions
[43]. These are anterior agranular cortex (anterior insula), a middle
dysgranular cortex (middle insula) and a posterior granular cortex
(posterior insula)[43] (Figs. 1 and 3 c). In addition to differences
in cytoarchitecture, these subregions feature distinct connectivity
patterns in both human and non-human primates [43,48,49]. The AI
has connections to the ACCg, frontal operculum, orbitofrontal cor-
tex, dorsal and ventral temporal pole, and sensory areas such as the
somatosensory and opercular areas of the parietal lobe [43,48,49].
The middle insula has connections to the ACCs, frontal operculum,
VMPFC, orbitofrontal cortex, to the secondary somatosensory area,
to the superior temporal sulcus, ventral striatum, and amygdala
[43,48,49]. The posterior insula is connected to the SMA, VMPFC,
temporal poles, secondary somatosensory area, and dorsolateral
striatum [43,48,49]. The posterior insula receives projections from
the spinothalamic pathway, the major pathway for processing noci-
ceptive information, whereas these projections do not seem to

reach AI(Fig. 3D) [50]. Stimulation of neurons in the posterior insula
but not other portions elicits feelings of pain and warmth [49].
Importantly, the AI connects to ACCg whereas the mid  and pos-
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Fig. 2. Divisions of the cingulate cortex and relevance for the processing of vicarious experience (A) Cytoarchitecture of the ACC adapted from Vogt et al. (1995). The areas
shaded in green lie in the anterior cingulate sulcus (ACCs) The areas shaded in red lie in the anterior cingulate gyrus (ACCg). Extant evidence suggests the processing of
social  information is primarily in the gyral portion of ACC (areas 24a’ and 24b’) and extend on average 22 mm posterior and 30 mm anterior the anterior commisure. (B)
spinothalamic projections (the major pathway for nociceptive and thermal information) are found in the cingulate sulcus and not the cingulate gyrus. These projections code
for  “pain” as well as motor control. Figure adapted from Dum et al., 2009 (C) Lesion site of the ACCs (green) and ACCg (red) adapted from Rudebeck et al. (2006). The lesions
that  affected the gyrus, but not the sulcus, caused disruptions to social behaviour and disrupted the processing of social stimuli. (D) Responses in the ACCg to others pain
compared to no pain (labelled aMCC in the figure), taken from a meta-analysis of vicarious pain studies (Lamm et al., 2011). (E-left) Responses of the ACCg to the net-value
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cost-benefit) of anothers’ predicted reward compared to no reward (red) taken f
ompared to unlikely reward (red), adapted from Lockwood et al. (2015). (For interp
ersion  of this article.)

erior insula are primarily connected to ACCs and SMA  respectively
see Fig. 1).

Overall, the anatomical and functional profile of ACCg and AI
uggest that these regions may  be involved in processing social
nformation, that is, information that is directed to or about other
eople.

. Animal studies of vicarious experience

Research in non-human animals can help us to identify neu-
al regions that may  be involved in empathising, as it allows us to
irectly record the activity of neurons during vicarious experience,
nd to cause focal lesions (although of course we cannot infer from
hese studies that animals are experiencing the phenomenon of
mpathy). The majority of this work has focused on the observa-
ion of others rewards rather than pain and on the ACC rather than
nsula.

As mentioned in the previous section, there is converging evi-
ence that the ACCg plays a key role in social cognition and
ehaviour in both human and non-human primates [26,51–60]. In

articular, animal models have suggested that there are important
ivisions between the ACCg and the ACCs that are crucial for under-
tanding social behaviour [57,59]. It has been argued that the ACCg
nd ACCs both processes information that conforms to the prin-
pps & Ramnani, 2014. (E-right). Responses of the ACCg to another person’s likely
on of the references to colour in this figure legend, the reader is referred to the web

ciples of reinforcement learning theory but the ACCg does this in
social contexts whilst the ACCs does so in ‘non-social’ contexts [54]
(Fig. 2).

Lesions to the ACCg impair the processing of social stimuli and
cause a reduction in the execution of social behaviours, whereas
lesions to the ACCs and orbitofrontal cortex do not [59](Fig. 2C).
A seminal study by Chang and colleagues was the first to record
from neurons in the ACCs, ACCg and OFC during a social decision-
making task [57]. In their task monkeys were assigned roles of actor
(self) and recipient (other). On 50% of trials the actor chose between
cues that delivered rewards to themselves, the other monkey or to
neither. On the other 50% of trials the computer made the choices
for them. They observed that a greater proportion of neurons in
the ACCg, compared to the ACCs and OFC, responded to cues that
predicted rewards for other monkeys and also to decisions to allo-
cate rewards to other monkeys. This is rather striking, because to
date very few studies have found neurons that process specifically
“other” related information. Sallet et al. [60] reported further evi-
dence for a key role of the ACCg in social behaviour. They found that
non-human primates with larger social networks had increased

grey matter volume in the ACCg compared to those with smaller
social networks [60]. Taken together these studies provide support
for the claim that the ACCg is important for processing vicarious
information, and also in social behaviour more widely. This profile
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Fig. 3. Divisions of the insula cortex and relevance for the processing of vicarious experience (A) Responses in the anterior insula to others pain compared to no pain, taken
from  a meta-analysis of vicarious pain studies (Figure adapted from Lamm et al., 2011). (B) Responses of the anterior insula to others likely compared to unlikely reward,
from  a reanalysis of data in Lockwood et al., 2015. Peaks survive small volume correction for a bilateral anterior insula structural mask. (C) Subdivisions of the insula based
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f responses to information about other agents does not seem to
e the same for the ACCs.

. Human studies of vicarious experience

In human studies of vicarious experience, paradigms have been
sed that require a participant to observe another individual in pain
for a meta-analysis see [24]) others’ emotional facial expressions
61,62], pleasant affect [63,64] and reward [26,52,65,66]. The fol-
owing sections will focus on studies of observing others’ pain and
eward as key aspects of vicarious experience and because these
rocesses have been investigated in humans the most extensively.

t will be shown that such processing of others pain and reward
ay  rely on both “shared” and “non-shared” neural regions.

.1. Vicarious pain

Many studies investigating the neural basis of vicarious expe-
ience have focused on the observation of other people in pain
s a proxy measure of empathy. Pain can be broadly defined as
he perception of actual or threatened tissue damage and the pri-
ate experience of unpleasantness, e.g. that it ‘hurts’. Areas of the

rain involved in the first-hand experience of pain include the
CC (mainly ACCs), insula (mainly posterior and mid  portions),

halamus, brain stem and periaqueductal gray [67–70]. Converg-
ng evidence in humans suggests that the primary and secondary
of the mid  insula, Ig = granular portion of the posterior insula. Figure adapted from
thermal information) are found in the mid and posterior portions of the insula (Ig,
trol.

somatosensory cortices encode information related to sensory fea-
tures of pain such as location and intensity [69,71–73], whereas the
ACC and insula are related to affective and motivational aspects of
pain experience [67,69,70,74]. This work has therefore provided the
basis to investigate neural response to other’s pain, and to examine
whether the same regions that process personal pain also respond
to vicarious pain.

One of the first studies to investigate the neural responses to the
observation of other people’s pain, as a proxy measure of empa-
thy, was  conducted by Singer and colleagues [75]. In their seminal
study, participants experienced a painful stimulus whilst under-
going functional magnetic resonance imaging (fMRI). On “self”
trials this painful stimulus was  delivered to themselves, but on
“other” trials participants observed cues that signalled that their
partner, who was present in the same room, was receiving a
painful stimulus. Singer et al. [75] found that the AI and ACCs
responded both when the participants themselves received the
painful stimulus and when they viewed a cue that indicated that
their partner received a painful stimulus. In contrast, response in
the secondary somatosensory cortex and primary somatosensory
cortex was associated with greater response to the pain partic-
ipants received themselves, compared to pain received by their

partners. Trait empathic concern, as measured by the Interpersonal
Reactivity Index [15] and the Balanced Emotional Empathy subscale
[19], were positively associated with blood oxygen level (BOLD)
responses to others pain (compared to no pain). Taken together,
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hese findings supported the idea that the observation of others
xperiences activates similar neural regions to one’s own experi-
nces, which was interpreted as a neural marker of empathy.

Since this seminal study, many studies have found AI, ACCs and
CCg responses to the observation of others’ pain (Figs. 2 and 3)

for a meta-analysis see [24]). One distinction that has been drawn is
etween studies that have used cue-based paradigms (e.g. [75–78])
nd studies that have used picture based paradigms (e.g. [79–81]).
n cue based paradigms participants view cues that indicate that
ain will be delivered to them or another individual who is not in
n fMRI scanner. In contrast, picture based paradigms involve view-
ng body parts such as hands and feet either in situations likely to
ause pain or likely not to cause pain. In a recent meta-analysis it
as found that only picture-based paradigms elicited responses in

omatosensory cortices [24]. The authors argued that this suggests
hat activation of somatosensory cortices during vicarious pain
aradigms may  be related more to the perception of movement
nd touch rather than vicarious experience per se.

.2. Vicarious reward

A more recent development in research on vicarious experience
as been the investigation of neural responses to others’ rewards
52,65,66,82]. Here, vicarious reward is defined as the perception
f another person’s anticipated or consumed reward. It is impor-
ant to note that the majority of studies that have investigated
rain responses to self and other pain have focused on the tech-
ique of conjunction analysis (self pain > no pain ∩ other pain > no
ain). Studies examining others’ reward have focused on interac-
ion effects to identify neural responses exclusively to vicarious
eward (other reward > no reward + self no reward > reward).

It is well known that rewards are a powerful motivator of
uman and animal behaviour. The neural regions that are involved

n reward processing are becoming increasingly well understood
83]. This includes the ACCg, ACCs VMPFC, amygdala and stria-
um [83–85]. In social environments, it is also important to process
nformation about rewards predicted for and delivered to others in
rder to effectively cooperate or compete or empathise with them
86,87].

In one early study Mobbs et al. [66] asked participants to watch
ideos of two game show contestants answering questions about
heir political and social views in a way that was socially desirable
SD) or socially undesirable (SU). Participants were then scanned
hilst they watched these two players (SD and SU) play a card-

uessing game where they could win or lose money. Afterwards,
he participants played the game themselves. Mobbs et al. [66]
ound that activity in the ventral striatum, subgenual anterior cin-
ulate cortex (sgACC) and VMPFC correlated with the difference
etween watching the SD and SU contestant win. Only the ven-
ral striatum response was also observed when the participants
layed themselves. These findings suggest both common and dis-
inct neural regions may  be involved in vicarious experience, since

any of these regions (except the ventral striatum) responded to
iewing rewards for other people and not for oneself. One potential
imitation was that Mobbs and colleagues used a block design so

ere unable to separate neural responses to reward prediction and
eward consummation, which in the domain of first-hand reward
xperience may  be somewhat distinguishable [88]. It could be that
hese regions only responded to rewarding outcomes for others and
hat separate regions signal the anticipation of rewards for others.
ndeed, there is evidence that the striatum may  not show overlap
etween processing of personal and vicarious reward when reward

ues and outcomes are separated or in other studies of vicarious
eward [52,89].

Apps et al., [52] examined brain activity at the time of cues that
ignalled the net-value (benefit-cost) of anticipated rewards (bene-
esearch 311 (2016) 255–266

fit) and the level of effort (cost) to be incurred either by a participant
themselves or when monitoring the net-value for another partic-
ipant [52]. They observed that the ACCg specifically signalled the
net-value of rewards to be gained by others, but did not respond
to rewards to be gained by oneself. In contrast, activity in the
ventral striatum signalled the net-value only for the participants
themselves. This suggests that the ACCg may  play a specific role
in vicarious reward, whereas the ventral striatum may  be more
involved in processing first-person reward (see also [89]).

Further support for a key role of the ACCg in vicarious reward
comes from a recent study by Lockwood et al. [26]. In their study
participants viewed cues that predicted a high or low probabil-
ity of reward either for themselves or a confederate participant
seated outside of the scanner. They found not only that the ACCg
signalled the likelihood of a reward being delivered to another, but
also that ACCg response significantly covaried with trait emotion
contagion (a necessary condition for empathy [9]). In individuals
high in emotion contagion, the ACCg was  specialised for processing
others’ rewards exclusively, but for those low in emotion contagion,
this region also responded to information about the subject’s own
rewards. This suggests that empathy can modulate the extent to
which self compared to other information is processed, not only
the extent to which social information is encoded in ACCg.

A reanalysis of the Lockwood et al., [26] data also found activa-
tion in bilateral AI for the contrast other high probability > other low
probability of reward, suggesting responses in AI to others reward
(small-volume corrected with anatomical mask of AI, Fig. 3B). This
mirrors findings of responses to others’ pain (see Figs. 2 and 3).
Other neuroimaging studies have also shown ACCg and AI (uncor-
rected) responses to the observation of unexpected rewards for
others [51] and when another person’s predictions about rewards
are incorrect [53]. A recent meta-analysis of studies of rewarding
outcomes in social contexts identified common and distinct neu-
ral regions that respond to personal and vicarious reward [89].
Whereas personal reward was encoded to a greater extent in the
ventral striatum, vicarious reward was encoded to a greater extent
in the dorsomedial prefrontal cortex and posterior superior tem-
poral sulcus. However, this meta-analysis included both studies
of monetary and social rewards (such as positive social feedback)
and there is still much debate as to whether there is a ‘common-
currency’ of neural regions responding to all types of reward (e.g.
money, food, social stimuli) or whether these different types of
reward are processed in distinct neural regions [87]. This meta-
analysis does importantly however identify ‘non-shared’ neural
responses to personal and vicarious reward.

4.3. Summary

Taken together, the neural processing of other people’s expe-
riences of pain and reward primarily recruits the AI, ACCs and
ACCg. Responses have also been observed in the inferior frontal
gyrus(IFG), sgACC, vmPFC and dmPFC and perhaps ventral striatum.
Studies of vicarious pain have suggested that there is overlap in the
processing of personal and vicarious pain whilst studies of vicari-
ous reward have suggested that there are regions that specifically
respond to vicarious reward and not to personal reward.

5. Does empathy rely on shared representations?

Whether empathy relies on overlapping or non-overlapping
processing of personal and vicarious experience is still widely

debated (see [90–92] for recent discussions). Historically, this
debate can be seen as stemming from theoretical disagreements as
to the nature of social processing. Theory-theorists argued that we
understand the minds of others by forming a folk psychological the-
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ry about another’s mental states beliefs and desires [13] whereas
imulation theorists argue that we understand the minds of others
y a directly (or indirectly) simulating their mental states [93,94].
hereas theory–theory is consistent with identifying brain areas

hat specifically respond to vicarious experience, simulation the-
ry posits that neural activations should be overlapping in order
o be correlates of empathy. However, at both the neural as well
s psychological level these theoretical perspectives are not nec-
ssarily mutually exclusive. Whilst it is clear that many areas of
he brain respond to both first-person and third-person experience
24,25,89] there is also evidence that there is some specificity when
unctional anatomy is considered [26,51–57,59]. Moreover, partic-
larly in the domain of positive affect, there are many cases where
icarious experience does not depend on a shared-representation
26,54,89,95].

Support of shared representations account is evidenced by stud-
es showing areas of overlap to first-person and third person pain
24]. Moreover, a recent study exploited the well-known placebo
nalgesia effect whereby individuals report pain reduction after
eing instructed they are being administered a potent painkiller,
hich is actually an inactive compound (e.g. [96]) to investigate

hared representations. Rütgen and colleagues found that both self
eport measures of empathy and neural responses to others pain
in AI and ACCs) were affected by placebo analgesia [97], sugges-
ive of shared functional overlap between self and simulating other
ain.

However, there is also support of non-shared representations
eing involved in vicarious experience. Patients who  have a con-
enital insensitivity to pain activate ACC (ACCg although cluster
xtended over ACCs) and AI when seeing others suffering pain,
ven they do not experience pain themselves [98]. Studies have
lso found activation in ACCs and AI when people watch medi-
al procedures such as pinpricks, which appear aversive but do
ot actually cause any pain, speaking against a strong shared
epresentations account of vicarious experience [99,100]. In stud-
es of neural responses to others’ reward, the ACCg, sgACC and
MPFC respond specifically to rewards delivered to others and do
ot show overlap with the processing of information for oneself
26,51–53,66,82]. In one of these studies, response in the ACCg var-
ed as a function of emotion contagion with those lowest in emotion
ontagion processing both self and other information in ACCg, but
n those high in emotion contagion this region was  specialised only
or processing rewards for others. As outlined above, animal studies
ave suggested that the ACCg is central to social behaviour and that
his region does not seem to be involved in coding rewards for one-
elf [59]. Moreover, Chang et al. [57] identified neurons in the ACCs
hat responded when to no-one receiving a reward and Apps et al.
dentified signals in ACCs that responded to unexpected rewards
or others but also for a computer [51]. The ACCs is the cingulate
ub-region where many fMRI activations to vicarious and personal
ain have been observed. This suggests that some aspects of shared
epresentations may  not reflect vicarious experience per se but a
omain-general coding of information.

As mentioned previously, an aspect that is often overlooked is
he specific anatomy of vicarious experience. Although subdivi-
ions of the insula have been referred to (e.g. [101]) subdivisions of
he cingulate cortex are not often considered. Anatomically, there

ay  be relative specificity for processing aspects of vicarious pain
nd reward (responses in AI and ACCg, see Figs. 2 and 3) compared
o self pain and reward (responses ACCs and posterior insula (for
ain)). An important study that examined spinothalamic (the major
athway for transmitting nociceptive and thermoceptive informa-

ion to the cerebral cortex) projections to cortex revealed that
hese projections were mainly to the mid  and posterior portions of
he insula, secondary somatosensory cortex (Fig. 3c) and the ACCs
esearch 311 (2016) 255–266 261

(Fig. 2b) [50,102,103]. This suggests that personal pain may  involve
the ACCs and posterior insula, not ACCg and AI (Fig. 2B).

The involvement of both shared and non-shared representa-
tions in vicarious experience is perhaps not surprising, given the
different sensory inputs during personal and vicarious experience.
At the same time, there are common processes that contribute to
personal and vicarious experience. The ACCs is often considered a
motor area that codes signals of value, motivation, pain and fore-
gone rewards [50,103–105]. An important aspect of personal and
vicarious experience is guiding of our subsequent actions, which
these signals may  motivate. Understanding the functional anatomy
of brain regions involved in vicarious experience may  therefore be
crucial when moving forward with understanding how such infor-
mation is processed in the brain. Consideration of anatomy can also
help to delineate what aspects of vicarious experience might be
shared and which are non-shared.

6. Disorders of vicarious experience

6.1. Psychopathy

Psychopathy is a disorder characterised by a constellation of
cognitive and behavioural atypicalities including callousness, shal-
low affect, lack of guilt, antisocial behaviour and impulsivity (e.g.
[106–110]). These individuals commit a disproportionate amount
of violent crime, and place a substantial economic and emotional
burden on society [7]. The ability of individuals with psychopa-
thy to seriously violate the rights of others’ is thought to highlight
a disturbance in an appropriate empathic/vicarious response to
other people [106,107], thus psychopathy is perhaps the archetypal
empathy disorder.

In children, there is abundant evidence that psychopathic traits
and behaviours can be observed and that the behavioural and affec-
tive disturbances that are seen generally mirror those observed
in adults with high levels of psychopathic traits [107,111,112]. In
childhood, high levels of antisocial behaviour can be diagnosed as
conduct disorder (DSM-5). Particular subsets of children with con-
duct disorder can also have elevated levels of psychopathic traits,
which are termed callous-unemotional (CU) traits in research stud-
ies and “limited prosocial emotions” in the new DSM-5 guidelines.
In the following section, studies from these different populations
will be discussed, together with the assumption that they can all
contribute to informing us about the profile of psychopathy.

There is a wealth of evidence that psychopathy may  be asso-
ciated with atypical vicarious experience. Behavioural evidence
suggests that adults and children with psychopathy show reduced
physiological responses to the distress of others [113], blunted
emotional reactivity to aversive stimuli [114], impaired recog-
nition of and reactivity to distress [107,115] and positive facial
expressions in others (e.g [115,116]). Similarly, adults with high
levels of psychopathic traits seem to show reduced ratings of affec-
tive resonance to other people’s positive and negative emotions
[117–119]. They also report less enjoyment of interacting proso-
cially with others, suggesting that they may  have reduced vicarious
experience more broadly [120]. Children with conduct disorder
show behavioural impairments in tasks related to affective empa-
thy but not in tasks probing processes related to cognitive empathy
[111,112].

Similarly, neuroimaging studies have also found evidence of
atypical vicarious experience including atypical neural responses
to the perception of others’ pain and emotional experiences (to

date, the perception of rewards for others has not been examined).
For example, male offenders with high levels of psychopathy have
been found to show reduced responses in IFG and ACCg, but greater
responses in the insula when observing facial expressions of others’
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n pain [121]. Other studies have found that when observing videos
epicting hands in emotional situations such as being caressed or
it by another hand, incarcerated males with psychopathy have

ower activation in AI, IFG, a posterior portion of the ACCg, and
mygdala [122]. However, when instructed to “empathise” with the
ctors’ hands differences in neural responses between the groups
ere reduced. In subclinical samples of high psychopathic traits,

educed responses have been found in the amygdala and AI when
iewing other people’s emotional facial expressions (e.g. [61]) and
ith variability in neural responses to the perception of other peo-

le’s pain in a posterior portion of the ACC (mask covering the ACCg
nd ACCs), AIand IFG [123].

fMRI studies in adolescents with conduct problems have also
ound atypical neural response to other people’s distress or pain
ompared to controls [124–129]. For example, Lockwood et al.
125]. measured BOLD responses to images of other people in pain
n children with conduct problems and varying levels of CU traits
ompared to a control group of children without conduct problems
r CU traits. They found that across the groups children with con-
uct problems showed reduced neural responses to the images of
thers in pain in ACC (a structural mask was used but peak activa-
ion was in ACCg), AI and IFG. Crucially, those children that were
ated to be the most callous by their parents and teachers showed
he lowest neural responses to others pain in AI and ACCg [125].
aken together these findings suggest that individuals with psy-
hopathy/psychopathic traits have atypical vicarious experience
nd these atypical responses are reflected in similar regions to
icarious experience in healthy people.

.2. Autism spectrum disorders

Autism spectrum disorders (ASD) refer to a class of developmen-
al disorders characterised by impaired social and communication
kills and a restricted repertoire of interests and activities. Several
ecades of research indicate that individuals with ASD have dif-
culties with “cognitive” aspects of empathy (see [130]). ASD has
ften been described as a disorder associated with “poor empathy”
131]. However, it is important to note that the nature of their social
nformation processing deficits and behaviours seem very differ-
nt from those seen in individuals with psychopathy/psychopathic
raits [9,111,112,119,132].

A number of studies measuring cognitive and affective pro-
esses related to empathy have found impairments in cognitive
erspective-taking but not empathic concern in adults [22] and
educed cognitive perspective-taking (cognitive empathy) but
ot affective resonance/affective empathy in children with ASD
111,112]. Studies focusing solely on affective processing have
ound evidence of preserved affective processing, including nor-

al  skin conductance response to others’ negative emotions when
motions are unambiguous and presented under conditions of low
istraction [133]. Some theorists have argued that affective empa-
hy is actually heightened in individuals with ASD [134] and this is
onsistent with reports of greater empathic facial affect in children
ith ASD compared to controls [135].

However, individuals with ASD have also been found to have
ower scores on the empathy quotient, a self-report questionnaire
f empathy, compared to typically developing individuals [20].
nother study found that parents of children with ASD reported

heir children to be less concerned about emotional situations and
ess responsive to distress cues than control children [136]. Nev-
rtheless, it is unclear in studies that do find affective empathy
mpairments whether these relate to problems in social responsiv-

ty rather than affective empathy per se.

Neuroimaging studies of vicarious experience in ASD have
argely focused on the perception of others pain [77,137–139].
tudies that have examined neural responses to others’ reward
esearch 311 (2016) 255–266

have done so only in the context of iterative games such as the
trust game [140] and shown atypical responses in the ACC (see also
[141] and [142] for evidence of atypical ACC responses and con-
nectivity in ASD). However, iterative games do not provide a ‘pure’
measure of vicarious experience, as these tasks do not clearly sep-
arate out self and other, or the decision about how to respond to
the other from the perception of the other, and therefore a detailed
discussion of these tasks is beyond the scope of this review.

Within the domain of vicarious pain, findings from studies
are somewhat mixed with evidence for normal, increased and
decreased brain responses. For example, Bird and colleagues found
no group differences to the perception of others pain in individuals
with ASD and controls matched for levels of alexithymia (a sub-
clinical condition defined by an inability to identify and describe
one’s own  feelings that is highly comorbid with autism) [77]. How-
ever, they found that the degree of alexithymia was associated with
lower responses to others’ pain in AI in both groups. This suggests
that it is not autism per se but high levels of alexithymia that may be
associated with reduced vicarious responses. Similarly, Hadjikhani
et al. [138] found no group differences to the observation of facial
expressions of pain in a relatively large sample of individuals with
ASD (n = 38) and a control group (n = 35) also suggesting similar
vicarious experience in ASD and controls (differences in medial
prefrontal cortex were seen at a reduced statistical threshold). In
contrast however, another fMRI study found that individuals with
ASD had reduced neural responses in AI and ACC (potentially cov-
ering ACCg and ACCs) when they viewed other people in pain, but
there were no significant moderating effects of alexithymia [139].
One explanation for these different findings is that the variance in
alexithymia scores was  more restricted in the latter study [139]
compared to Bird et al. [77] (SD 3.8 in [139] vs. 11.8 in ([77])).

Gu et al. [137] compared skin conductance responses (SCR),
behavioural responses of pain discriminability, fMRI and dynamic
causal modelling in individuals with ASD and controls during a
picture-based perception of others’ pain paradigm. Interestingly,
they found that compared to controls adults with ASD showed
increased SCR responses when viewing images of other people in
pain as well as increased neural responses in the AI. However, indi-
viduals with ASD showed reduced discriminability behaviourally
when asked to judge whether other people in photographs were
experiencing pain or not.

Finally, although most studies have focused on processing oth-
ers’ pain, a handful of studies have examined neural responses to
processing social information more broadly (see [142] for a meta-
analysis). The meta-analysis by Di Martino and colleagues reported
greater likelihood of hypoactivation in ACCg, ACCs and right AI
[142], which supports studies of atypical responses to vicarious
experience in ASD.

To summarise, vicarious experience may  be atypical in indi-
viduals with psychopathy and ASD. However, many studies show
that these disorders are related to problems with different aspects
of empathy (e.g. [9,111,112,119,132]. Existing work has examined
neural responses to the perception of others’ pain or emotional
expressions, but not to others reward. In autism the picture of
vicarious processing is somewhat mixed, with reduced [139] sim-
ilar [77,138] and increased [137] brain responses to others’ pain in
AI, ACCg and ACCs.

7. Future directions

7.1. Implications of research on vicarious experience for

psychopathy and ASD

Future studies may  benefit from investigating neural responses
to others’ reward to examine whether atypical vicarious responses
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re specific to the processing of distress in others or are reflective of
ore general insensitivity to social information. Moreover, rewards

or others are robustly shown to activate ACCg [26,51–53,55] and
here is already evidence that the ACCg may  be anatomically and
unctionally atypical in individuals with ASD and in individuals

ith psychopathy. For example, Delmonte et al. [143] showed
yperconnectivity between the caudate and ACCg in children with
SD, the strength of which was negatively correlated with neu-

al responses to social rewards [143]. In psychopathy, studies have
ound grey matter volume and activity in the ACCg to correlate with
sychopathic and callous traits [7,125,144,145].

However, many studies have found that these disorders are
ssociated with different empathy impairments and the two groups
re clearly very different behaviourally [9,111,112,119,132]. Con-
equently, whilst ACCg and AI response may  be atypical in both
isorders this could happen for different reasons, and this is a
lear avenue for future research. Moreover, the high comorbidity
f autism with alexithymia may  help to account for some of the
ixed findings [146] as does differences in the specific anatomy of
here atypical vicarious activations are observed. Understanding

he differences in cognitive and affective components of empa-
hy in psychopathy, ASD, and alexithymia, will also be important
n future studies. In particular there is evidence that alexithymia

ay  account for affective empathy and emotion impairments in
SD where they are observed [146], but does not seem to account

or cognitive empathy impairments in ASD [119]. Moreover, in
he typical population, the reduced affective empathy associated
ith alexithymia is apparent over and above the reduced affective

mpathy observed in psychopathy [119]. Structural neuroimaging
tudies have also shown different neural regions implicated in ASC
nd alexithymia [147]. Further studies in clinical samples of these
isorders could shed light on the nature of these different disorders
nd the structure of empathy.

.2. Linking vicarious experience to behaviour

Preliminary evidence suggests that individual differences in
icarious experience are linked to variability in behavioural out-
omes, such as prosocial and antisocial behaviour, moral judgments
nd social decision-making (a discussion of which was beyond
he scope of this review but see [78,148]). Moving forward, the
pplication of computational models could help shed light on
ow vicarious information is processed in the brain and is linked
o behavioural outcomes, not just where this information my  be
rocessed [149]. In particular, the framework of reinforcement

earning theory, where learning is driven by prediction errors that
ignal the difference between expected and actual outcomes of a
hoice [150] could be used to examine how individual differences
n empathy relate to individual differences in social behaviour.

Prediction errors quantify the unexpectedness of outcomes and
ct as a key learning signal to update future behaviour. This frame-
ork has been extensively used to characterise reward-guided

ehaviour and decision-making. More recently these learning
ignals, have been identified in social contexts such as during obser-
ational learning [151], teaching [53], learning about others’ faces
152] and when interacting with in-group and out-group members
78]. Further studies examining ‘social prediction errors’, prediction
rrors that result when processing information that is for or about
ther people, can help us to understand more about the computa-
ional functions of different neural regions in social behaviour.

Using computational frameworks could also help to uncover the
recise roles of the ACCg, ACCs and AI in vicarious experience and

o understand not only how they are involved, but also how they
iffer. For example, recent theories of the ACCg in social behaviour
uggest that this region is encoding the motivation of another per-
on [54,95]. Recent theories of the computational properties of the
esearch 311 (2016) 255–266 263

AIalso suggest encoding of prediction error signals but in the con-
text of an interoceptive signal about the state of the body (for
reviews see [153,154]). The interplay of these potentially differ-
ent computational signals could therefore be crucial in vicarious
experience.

The use of comparative studies and borrowing well-
characterised theories and models of reward-guided behaviour,
perception and decision-making, which can be studied across
species [155], will also be crucial in future research. Importantly,
these studies could consider the specific anatomy of neuroimaging
activations. This approach can allow parallels to be drawn between
different studies more closely, and perhaps help to infer the
functions of particular brain regions [27].

7.3. Concluding remarks

Empathy can be defined as the ability to vicariously experience
and to understand the affect of other people and is a fundamental
aspect of social cognition. Many studies have examined the neu-
ral basis of vicarious pain, which has been interpreted as a proxy
measure of empathy. More recently research has begun to exam-
ine neural responses to others’ reward. Together, these studies have
identified regions, such as the ACCg and AI that may  be essential
for processing information about others. In general, research into
vicarious experience in psychopathy and autism has suggested that
such experience is atypical. Understanding the functional anatomy
of where vicarious information is processed holds promise to pro-
vide new insights into how empathy is processed in the brain and
behavioural outcomes.
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pain by placebo analgesia suggests functional equivalence of empathy and
first-Hand emotion experience, J. Neurosci. 35 (2015) 8938–8947.

[98] N. Danziger, I. Faillenot, R. Peyron, Can we  share a pain we  never felt? neural
correlates of empathy in patients with congenital insensitivity to pain,
Neuron 61 (2009) 203–212, http://dx.doi.org/10.1016/j.neuron.2008.11.023.

[99]  C. Lamm,  H.C. Nusbaum, A.N. Meltzoff, J. Decety, What are you feeling?
using functional magnetic resonance imaging to assess the modulation of
sensory and affective responses during empathy for pain, PLoS One 2 (2007)
e1292, http://dx.doi.org/10.1371/journal.pone.0001292.

[100] C. Lamm,  A.N. Meltzoff, J. Decety, How do we empathize with someone who
is  not like us? A functional magnetic resonance imaging study, J. Cogn.
Neurosci. 22 (2010) 362–376, http://dx.doi.org/10.1162/jocn.2009.21186.

[101] C. Lamm,  T. Singer, The role of anterior insular cortex in social emotions,
Brain Struct. Funct. (2010) 579–591, http://dx.doi.org/10.1007/s00429-010-
0251-3.

[102] T.C. Blanchard, B.Y. Hayden, Neurons in dorsal anterior cingulate cortex
signal postdecisional variables in a foraging task, J. Neurosci. Off. J. Soc.
Neurosci. 34 (2014) 646–655, http://dx.doi.org/10.1523/JNEUROSCI.3151-
13.2014.

[103] C.B. Holroyd, N. Yeung, Motivation of extended behaviors by anterior
cingulate cortex, Trends Cogn. Sci. 16 (2012) 122–128.

[104] A.J. Shackman, T.V. Salomons, H.A. Slagter, A.S. Fox, J.J. Winter, R.J. Davidson,
The integration of negative affect, pain and cognitive control in the cingulate
cortex, Nat. Rev. Neurosci. 12 (2011) 154–167.

[105] J.M. Hayden, Fictive reward signals in the anterior cingulate cortex, Science
324 (2009) 948–950, http://dx.doi.org/10.1126/science.1168488.

[106] R.J.R. Blair, Applying a cognitive neuroscience perspective to the disorder of
psychopathy, Dev. Psychopathol. 17 (2005) 865–891, http://dx.doi.org/10.
1017/S0954579405050418.

[107] R.J.R. Blair, The neurobiology of psychopathic traits in youths, Nat. Rev.
Neurosci. (2013) 786–799.

[108] H. Cleckley, The mask of sanity; an attempt to reinterpret the so-called
psychopathic personality, (1941).

[109] R.D. Hare, The Hare Psychopathy Checklist-Revised: PLC-R, MHS,
Multi-Health Systems, 2016.

[110] R.D. Hare, C.S. Neumann, Psychopathy as a clinical and empirical construct,
Annu. Rev. Clin. Psychol. 4 (2008) 217–246, http://dx.doi.org/10.1146/
annurev.clinpsy.3.022806.091452.

[111] A.P. Jones, F.G.E. Happé, F. Gilbert, S. Burnett, E. Viding, Feeling, caring,
knowing: different types of empathy deficit in boys with psychopathic
tendencies and autism spectrum disorder, J. Child Psychol. Psychiatry 11
(2010) 1188–1197, http://dx.doi.org/10.1111/j.1469-7610.2010.02280.x.

[112] C. Schwenck, J. Mergenthaler, K. Keller, J. Zech, S. Salehi, R. Taurines, M.
Romanos, M.  Schecklmann, W.  Schneider, A. Warnke, C.M. Freitag, Empathy
in  children with autism and conduct disorder: group-specific profiles and
developmental aspects, J. Child Psychol. Psychiatry 53 (2012) 651–659,
http://dx.doi.org/10.1111/j.1469-7610.2011.02499.x.

[113] R.J.R. Blair, L. Jones, F. Clark, M.  Smith, The psychopathic individual: a lack of
responsiveness to distress cues? Psychophysiology 34 (1997) 192–198.

[114] G.K. Levenston, C.J. Patrick, M.M. Bradley, P.J. Lang, The psychopath as
observer: emotion and attention in picture processing, J. Abnorm. Psychol.
109  (2000) 373–385.

[115] N. Hodsoll, Emotional attentional capture in children with conduct
problems: the role of callous-unemotional traits, Front. Hum. Neurosci. 8
(2014) 570, http://dx.doi.org/10.3389/fnhum.2014.00570.

[116] M.  Brook, C.L. Brieman, D.S. Kosson, Emotion processing in Psychopathy
Checklist—assessed psychopathy: a review of the literature, Clin. Psychol.
Rev. 33 (2013) 979–995.

[117] A. Seara-cardoso, C. Neumann, J. Roiser, E. Mccrory, E. Viding, Investigating
associations between empathy, morality and psychopathic personality traits
in the general population, Personal Individ. Differ. 52 (2012) 67–71, http://
dx.doi.org/10.1016/j.paid.2011.08.029.

[118] A. Seara-Cardoso, H. Dolberg, C. Neumann, J.P. Roiser, E. Viding, Empathy,
morality and psychopathic traits in women, Personal. Individual Differ. 55
(2013) 328–333.

[119] P.L. Lockwood, G. Bird, M.  Bridge, E. Viding, Dissecting empathy: high levels
of  psychopathic and autistic traits are characterized by difficulties in
different social information processing domains, Front. Hum. Neurosci. 7
(2013) 1–6, http://dx.doi.org/10.3389/fnhum.2013.00760.

[120] L. Foulkes, E.J. McCrory, C.S. Neumann, E. Viding, Inverted social reward:
associations between psychopathic traits and self-Report and experimental
measures of social reward, PLoS One 9 (2014) e106000, http://dx.doi.org/10.
1371/journal.pone.0106000.

[121] J. Decety, L.R. Skelly, K.A. Kiehl, Brain response to empathy-eliciting
scenarios involving pain in incarcerated individuals with psychopathy,
JAMA Psychiatry 70 (2013) 638–645, http://dx.doi.org/10.1001/
jamapsychiatry.2013.27.
[122] H. Meffert, V. Gazzola, J.A. den Boer, A.A.J. Bartels, C. Keysers, Reduced
spontaneous but relatively normal deliberate vicarious representations in
psychopathy, Brain 136 (2013) 2550–2562, http://dx.doi.org/10.1093/brain/
awt190.

dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
dx.doi.org/10.1016/j.ejpain.2004.11.001
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0355
dx.doi.org/10.1002/hbm.20826
dx.doi.org/10.1002/hbm.20826
dx.doi.org/10.1002/hbm.20826
dx.doi.org/10.1002/hbm.20826
dx.doi.org/10.1002/hbm.20826
dx.doi.org/10.1002/hbm.20826
dx.doi.org/10.1002/hbm.20826
dx.doi.org/10.1002/hbm.20826
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
dx.doi.org/10.1016/j.cortex.2012.10.006
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0370
dx.doi.org/10.1126/science.1093535
dx.doi.org/10.1126/science.1093535
dx.doi.org/10.1126/science.1093535
dx.doi.org/10.1126/science.1093535
dx.doi.org/10.1126/science.1093535
dx.doi.org/10.1126/science.1093535
dx.doi.org/10.1126/science.1093535
dx.doi.org/10.1126/science.1093535
dx.doi.org/10.1038/nature04271.Empathic
dx.doi.org/10.1038/nature04271.Empathic
dx.doi.org/10.1038/nature04271.Empathic
dx.doi.org/10.1038/nature04271.Empathic
dx.doi.org/10.1038/nature04271.Empathic
dx.doi.org/10.1038/nature04271.Empathic
dx.doi.org/10.1038/nature04271.Empathic
dx.doi.org/10.1038/nature04271.Empathic
dx.doi.org/10.1093/brain/awq060
dx.doi.org/10.1093/brain/awq060
dx.doi.org/10.1093/brain/awq060
dx.doi.org/10.1093/brain/awq060
dx.doi.org/10.1093/brain/awq060
dx.doi.org/10.1093/brain/awq060
dx.doi.org/10.1093/brain/awq060
dx.doi.org/10.1093/brain/awq060
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuron.2010.09.003
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuroimage.2004.09.006
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1016/j.neuropsychologia.2005.07.015
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1162/jocn.2007.19.1.42
dx.doi.org/10.1093/scan/nsv134
dx.doi.org/10.1093/scan/nsv134
dx.doi.org/10.1093/scan/nsv134
dx.doi.org/10.1093/scan/nsv134
dx.doi.org/10.1093/scan/nsv134
dx.doi.org/10.1093/scan/nsv134
dx.doi.org/10.1093/scan/nsv134
dx.doi.org/10.1093/scan/nsv134
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
dx.doi.org/10.1016/j.conb.2012.11.012
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0420
dx.doi.org/10.1038/npp.2009.129
dx.doi.org/10.1038/npp.2009.129
dx.doi.org/10.1038/npp.2009.129
dx.doi.org/10.1038/npp.2009.129
dx.doi.org/10.1038/npp.2009.129
dx.doi.org/10.1038/npp.2009.129
dx.doi.org/10.1038/npp.2009.129
dx.doi.org/10.1038/npp.2009.129
dx.doi.org/10.1038/npp.2009.129
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1016/j.tins.2015.11.002
dx.doi.org/10.1038/nrn3776
dx.doi.org/10.1038/nrn3776
dx.doi.org/10.1038/nrn3776
dx.doi.org/10.1038/nrn3776
dx.doi.org/10.1038/nrn3776
dx.doi.org/10.1038/nrn3776
dx.doi.org/10.1038/nrn3776
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0440
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0445
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.tics.2016.02.003
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1016/j.neures.2014.10.008
dx.doi.org/10.1098/rstb.2015.0083
dx.doi.org/10.1098/rstb.2015.0083
dx.doi.org/10.1098/rstb.2015.0083
dx.doi.org/10.1098/rstb.2015.0083
dx.doi.org/10.1098/rstb.2015.0083
dx.doi.org/10.1098/rstb.2015.0083
dx.doi.org/10.1098/rstb.2015.0083
dx.doi.org/10.1098/rstb.2015.0083
dx.doi.org/10.1098/rstb.2015.0083
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0465
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0470
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
dx.doi.org/10.1016/j.neuron.2016.04.018
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0480
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0485
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1016/j.neuron.2008.11.023
dx.doi.org/10.1371/journal.pone.0001292
dx.doi.org/10.1371/journal.pone.0001292
dx.doi.org/10.1371/journal.pone.0001292
dx.doi.org/10.1371/journal.pone.0001292
dx.doi.org/10.1371/journal.pone.0001292
dx.doi.org/10.1371/journal.pone.0001292
dx.doi.org/10.1371/journal.pone.0001292
dx.doi.org/10.1371/journal.pone.0001292
dx.doi.org/10.1371/journal.pone.0001292
dx.doi.org/10.1162/jocn.2009.21186
dx.doi.org/10.1162/jocn.2009.21186
dx.doi.org/10.1162/jocn.2009.21186
dx.doi.org/10.1162/jocn.2009.21186
dx.doi.org/10.1162/jocn.2009.21186
dx.doi.org/10.1162/jocn.2009.21186
dx.doi.org/10.1162/jocn.2009.21186
dx.doi.org/10.1162/jocn.2009.21186
dx.doi.org/10.1162/jocn.2009.21186
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1007/s00429-010-0251-3
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
dx.doi.org/10.1523/JNEUROSCI.3151-13.2014
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0515
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0520
dx.doi.org/10.1126/science.1168488
dx.doi.org/10.1126/science.1168488
dx.doi.org/10.1126/science.1168488
dx.doi.org/10.1126/science.1168488
dx.doi.org/10.1126/science.1168488
dx.doi.org/10.1126/science.1168488
dx.doi.org/10.1126/science.1168488
dx.doi.org/10.1126/science.1168488
dx.doi.org/10.1017/S0954579405050418
dx.doi.org/10.1017/S0954579405050418
dx.doi.org/10.1017/S0954579405050418
dx.doi.org/10.1017/S0954579405050418
dx.doi.org/10.1017/S0954579405050418
dx.doi.org/10.1017/S0954579405050418
dx.doi.org/10.1017/S0954579405050418
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0535
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0545
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1146/annurev.clinpsy.3.022806.091452
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2010.02280.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
dx.doi.org/10.1111/j.1469-7610.2011.02499.x
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0565
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0570
dx.doi.org/10.3389/fnhum.2014.00570
dx.doi.org/10.3389/fnhum.2014.00570
dx.doi.org/10.3389/fnhum.2014.00570
dx.doi.org/10.3389/fnhum.2014.00570
dx.doi.org/10.3389/fnhum.2014.00570
dx.doi.org/10.3389/fnhum.2014.00570
dx.doi.org/10.3389/fnhum.2014.00570
dx.doi.org/10.3389/fnhum.2014.00570
dx.doi.org/10.3389/fnhum.2014.00570
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0580
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
dx.doi.org/10.1016/j.paid.2011.08.029
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0590
dx.doi.org/10.3389/fnhum.2013.00760
dx.doi.org/10.3389/fnhum.2013.00760
dx.doi.org/10.3389/fnhum.2013.00760
dx.doi.org/10.3389/fnhum.2013.00760
dx.doi.org/10.3389/fnhum.2013.00760
dx.doi.org/10.3389/fnhum.2013.00760
dx.doi.org/10.3389/fnhum.2013.00760
dx.doi.org/10.3389/fnhum.2013.00760
dx.doi.org/10.3389/fnhum.2013.00760
dx.doi.org/10.1371/journal.pone.0106000
dx.doi.org/10.1371/journal.pone.0106000
dx.doi.org/10.1371/journal.pone.0106000
dx.doi.org/10.1371/journal.pone.0106000
dx.doi.org/10.1371/journal.pone.0106000
dx.doi.org/10.1371/journal.pone.0106000
dx.doi.org/10.1371/journal.pone.0106000
dx.doi.org/10.1371/journal.pone.0106000
dx.doi.org/10.1371/journal.pone.0106000
dx.doi.org/10.1001/jamapsychiatry.2013.27
dx.doi.org/10.1001/jamapsychiatry.2013.27
dx.doi.org/10.1001/jamapsychiatry.2013.27
dx.doi.org/10.1001/jamapsychiatry.2013.27
dx.doi.org/10.1001/jamapsychiatry.2013.27
dx.doi.org/10.1001/jamapsychiatry.2013.27
dx.doi.org/10.1001/jamapsychiatry.2013.27
dx.doi.org/10.1001/jamapsychiatry.2013.27
dx.doi.org/10.1001/jamapsychiatry.2013.27
dx.doi.org/10.1093/brain/awt190
dx.doi.org/10.1093/brain/awt190
dx.doi.org/10.1093/brain/awt190
dx.doi.org/10.1093/brain/awt190
dx.doi.org/10.1093/brain/awt190
dx.doi.org/10.1093/brain/awt190
dx.doi.org/10.1093/brain/awt190
dx.doi.org/10.1093/brain/awt190


2 rain R

1016/j.tics.2014.02.001.
[154] A.K. Seth, Interoceptive inference, emotion, and the embodied self, Trends

Cogn. Sci. 17 (2013) 565–573, http://dx.doi.org/10.1016/j.tics.2013.09.007.
[155] C.D. Frith, U. Frith, Mechanisms of social cognition, Annu. Rev. Psychol. 63

(2012) 287–313.
66 P.L. Lockwood / Behavioural B

[123] A. Seara-Cardoso, E. Viding, R.A. Lickley, C.L. Sebastian, Neural responses to
others’ pain vary with psychopathic traits in healthy adult males, Cogn.
Affect. Behav. Neurosci. 15 (2015) 578–588, http://dx.doi.org/10.3758/
s13415-015-0346-7.

[124] J. Decety, K.J. Michalska, Y. Akitsuki, B.B. Lahey, Atypical empathic responses
in  adolescents with aggressive conduct disorder: a functional MRI
investigation, Biol. Psychol. 80 (2009) 203–211, http://dx.doi.org/10.1016/j.
biopsycho.2008.09.004.

[125] P.L. Lockwood, C.L. Sebastian, E.J. McCrory, Z.H. Hyde, X. Gu, S.A. De Brito, E.
Viding, Association of callous traits with reduced neural response to others’
pain in children with conduct problems, Curr. Biol. CB. 23 (2013) 901–905,
http://dx.doi.org/10.1016/j.cub.2013.04.018.

[126] A. Marsh, E. Finger, K. a, C. Fowler, T. Adallo, J.C. IIana, D.S. Schechter, J. Pine,
Blair Decety, Empathic responsiveness in amygdala and anterior cingulate
cortex in youths with psychopathic traits, J. Child Psychol. Psychiatry 54
(2013) 900–910, http://dx.doi.org/10.1111/jcpp.12063.Empathic.

[127] E. Viding, C.L. Sebastian, M.R. Dadds, P.L. Lockwood, C.A.M. Cecil, S.A.D. Brito,
E.J. McCrory, Amygdala response to preattentive masked fear in children
with conduct problems: the role of callous-unemotional traits, Am.  J.
Psychiatry 169 (2012) 1109–1116, http://dx.doi.org/10.1176/appi.ajp.2012.
12020191.

[128] K.J. Michalska, T.A. Zeffiro, J. Decety, Brain response to viewing others being
harmed in children with conduct disorder symptoms, J. Child Psychol.
Psychiatry 57 (2016) 510–519, http://dx.doi.org/10.1111/jcpp.12474.

[129] P.L. Lockwood, E. Viding, Commentary: conduct disorder and perceiving
harm to others—a reflection on Michalska et al. (2016), J. Child Psychol.
Psychiatry 57 (2016) 520–522, http://dx.doi.org/10.1111/jcpp.12528.

[130] E.L. Hill, U. Frith, Understanding autism: insights from mind and brain,
Philos. Trans. R. Soc. B Biol. Sci. 358 (2003) 281–289.

[131] S. Baron-Cohen, Zero Degrees of Empathy: A New Theory of Human Cruelty,
Penguin, UK, 2011.

[132] Blair, Responding to the emotions of others: dissociating forms of empathy
through the study of typical and psychiatric populations, Conscious. Cogn.
14  (2005) 698–718, http://dx.doi.org/10.1016/j.concog.2005.06.004.

[133] R. Blair, Psychophysiological responsiveness to the distress ofothers in
children with autism, Personal. Individ. Differ. 26 (1999) 477–485.

[134] A. Smith, Emotional empathy in autism spectrum conditions: weak, intact,
or  heightened? J. Autism Dev. Disord. 39 (2009) 1747–1748, http://dx.doi.
org/10.1007/s10803-009-0799-z, author reply 1749–54.

[135] L. Capps, C. Kasari, N. Yirmiya, M.  Sigman, Parental perception of emotional
expressiveness in children with autism, J. Consult. Clin. Psychol. 61 (1993)
475–484.

[136] K. Hudry, V. Slaughter, Agent familiarity and emotional context influence
the everyday empathic responding of young children with autism, Res.
Autism Spectr. Disord. 3 (2009) 74–85.

[137] X. Gu, T. Eilam-Stock, T. Zhou, E. Anagnostou, A. Kolevzon, L. Soorya, P.R. Hof,
K.J. Friston, J. Fan, Autonomic and brain responses associated with empathy
deficits in autism spectrum disorder, Hum. Brain Mapp. 36 (2015)
3323–3338.

[138] N. Hadjikhani, N. Zürcher, O. Rogier, L. Hippolyte, E. Lemonnier, T. Ruest, N.
Ward, A. Lassalle, N. Gillberg, E. Billstedt, Emotional contagion for pain is

intact in autism spectrum disorders, Transl. Psychiatry 4 (2014) e343.

[139] Y.-T. Fan, C. Chen, S.-C. Chen, J. Decety, Y. Cheng, Empathic arousal and social
understanding in individuals with autism: evidence from fMRI and ERP
measurements, Soc. Cogn. Affect. Neurosci. 9 (2014) 1203–1213, http://dx.
doi.org/10.1093/scan/nst101.
esearch 311 (2016) 255–266

[140] P.H. Chiu, M.A. Kayali, K.T. Kishida, D. Tomlin, L.G. Klinger, M.R. Klinger, P.R.
Montague, Self responses along cingulate cortex reveal quantitative neural
phenotype for high-Functioning autism, Neuron 57 (2008) 463–473, http://
dx.doi.org/10.1016/j.neuron.2007.12.020.

[141] J.H. Balsters, D. Mantini, M.A.J. Apps, S.B. Eickhoff, N. Wenderoth,
Connectivity-based parcellation increases network detection sensitivity in
resting state fMRI: An investigation into the cingulate cortex in autism,
NeuroImage Clin. 11 (2016) 494–507, http://dx.doi.org/10.1016/j.nicl.2016.
03.016.

[142] A. Di Martino, K. Ross, L.Q. Uddin, A.B. Sklar, F.X. Castellanos, M.P. Milham,
Functional brain correlates of social and non-Social processes in autism
spectrum disorders: an ALE meta-Analysis, Biol. Psychiatry 65 (2009) 63–74,
http://dx.doi.org/10.1016/j.biopsych.2008.09.022.

[143] S. Delmonte, L. Gallagher, E. O’Hanlon, J. McGrath, J.H. Balsters, Functional
and structural connectivity of frontostriatal circuitry in Autism Spectrum
Disorder, Front. Hum. Neurosci. 430 (2013).

[144] S.A. De Brito, A. Mechelli, M.  Wilke, K.R. Laurens, A.P. Jones, G.J. Barker, S.
Hodgins, E. Viding, Size matters: increased grey matter in boys with conduct
problems and callousunemotional traits, Brain 132 (2009) 843–852.

[145] L.M. Cope, M.S. Shane, J.M. Segall, P.K. Nyalakanti, M.C. Stevens, G.D.
Pearlson, V.D. Calhoun, K.A. Kiehl, Examining the effect of psychopathic
traits on gray matter volume in a community substance abuse sample,
Psychiatry Res.-Neuroimaging. 204 (2012) 91–100.

[146] G. Bird, R. Cook, Mixed emotions: the contribution of alexithymia to the
emotional symptoms of autism, Transl. Psychiatry (2013) e285.

[147] S.L. Bernhardt, G. Valk, G. Silani, U. Bird, Selective disruption of
sociocognitive structural brain networks in autism and alexithymia, Cereb.
Cortex (2014) 3258–3267.

[148] S.A. Morelli, L.T. Rameson, M.D. Lieberman, The neural components of
empathy: predicting daily prosocial behavior, Soc. Cogn. Affect Neurosci.
(2012), http://dx.doi.org/10.1093/scan/nss088.

[149] A. O’Doherty, Model-based fMRI and its application to reward learning and
decision making, Ann. N. Y. Acad. Sci. 1104 (2007) 35–53, http://dx.doi.org/
10.1196/annals.1390.022.

[150] R.S. Sutton, A.G. Barto, Reinforcement Learning: an Introduction, MIT press,
Cambridge, Massachusetts, 1998.

[151] P.N. Burke, M.  Tobler, Neural mechanisms of observational learning, Proc.
Natl. Acad. Sci. U. S. A. 107 (2010) 14431–14436, http://dx.doi.org/10.1073/
pnas.1003111107.

[152] M.A.J. Apps, M.  Tsakiris, Predictive codes of familiarity and context during
the  perceptual learning of facial identities, Nat. Commun. 4 (2013), http://
dx.doi.org/10.1038/ncomms3698.

[153] X. Gu, T.H.B. FitzGerald, Interoceptive inference: homeostasis and
decision-making, Trends Cogn. Sci. 18 (2014) 269–270, http://dx.doi.org/10.

dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.3758/s13415-015-0346-7
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.biopsycho.2008.09.004
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1016/j.cub.2013.04.018
dx.doi.org/10.1111/jcpp.12063.Empathic
dx.doi.org/10.1111/jcpp.12063.Empathic
dx.doi.org/10.1111/jcpp.12063.Empathic
dx.doi.org/10.1111/jcpp.12063.Empathic
dx.doi.org/10.1111/jcpp.12063.Empathic
dx.doi.org/10.1111/jcpp.12063.Empathic
dx.doi.org/10.1111/jcpp.12063.Empathic
dx.doi.org/10.1111/jcpp.12063.Empathic
dx.doi.org/10.1111/jcpp.12063.Empathic
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1176/appi.ajp.2012.12020191
dx.doi.org/10.1111/jcpp.12474
dx.doi.org/10.1111/jcpp.12474
dx.doi.org/10.1111/jcpp.12474
dx.doi.org/10.1111/jcpp.12474
dx.doi.org/10.1111/jcpp.12474
dx.doi.org/10.1111/jcpp.12474
dx.doi.org/10.1111/jcpp.12474
dx.doi.org/10.1111/jcpp.12474
dx.doi.org/10.1111/jcpp.12528
dx.doi.org/10.1111/jcpp.12528
dx.doi.org/10.1111/jcpp.12528
dx.doi.org/10.1111/jcpp.12528
dx.doi.org/10.1111/jcpp.12528
dx.doi.org/10.1111/jcpp.12528
dx.doi.org/10.1111/jcpp.12528
dx.doi.org/10.1111/jcpp.12528
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0650
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0655
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
dx.doi.org/10.1016/j.concog.2005.06.004
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0665
dx.doi.org/10.1007/s10803-009-0799-z
dx.doi.org/10.1007/s10803-009-0799-z
dx.doi.org/10.1007/s10803-009-0799-z
dx.doi.org/10.1007/s10803-009-0799-z
dx.doi.org/10.1007/s10803-009-0799-z
dx.doi.org/10.1007/s10803-009-0799-z
dx.doi.org/10.1007/s10803-009-0799-z
dx.doi.org/10.1007/s10803-009-0799-z
dx.doi.org/10.1007/s10803-009-0799-z
dx.doi.org/10.1007/s10803-009-0799-z
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0675
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0680
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0685
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0690
dx.doi.org/10.1093/scan/nst101
dx.doi.org/10.1093/scan/nst101
dx.doi.org/10.1093/scan/nst101
dx.doi.org/10.1093/scan/nst101
dx.doi.org/10.1093/scan/nst101
dx.doi.org/10.1093/scan/nst101
dx.doi.org/10.1093/scan/nst101
dx.doi.org/10.1093/scan/nst101
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.neuron.2007.12.020
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.nicl.2016.03.016
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
dx.doi.org/10.1016/j.biopsych.2008.09.022
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0715
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0720
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0725
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0730
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0735
dx.doi.org/10.1093/scan/nss088
dx.doi.org/10.1093/scan/nss088
dx.doi.org/10.1093/scan/nss088
dx.doi.org/10.1093/scan/nss088
dx.doi.org/10.1093/scan/nss088
dx.doi.org/10.1093/scan/nss088
dx.doi.org/10.1093/scan/nss088
dx.doi.org/10.1093/scan/nss088
dx.doi.org/10.1196/annals.1390.022
dx.doi.org/10.1196/annals.1390.022
dx.doi.org/10.1196/annals.1390.022
dx.doi.org/10.1196/annals.1390.022
dx.doi.org/10.1196/annals.1390.022
dx.doi.org/10.1196/annals.1390.022
dx.doi.org/10.1196/annals.1390.022
dx.doi.org/10.1196/annals.1390.022
dx.doi.org/10.1196/annals.1390.022
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0750
dx.doi.org/10.1073/pnas.1003111107
dx.doi.org/10.1073/pnas.1003111107
dx.doi.org/10.1073/pnas.1003111107
dx.doi.org/10.1073/pnas.1003111107
dx.doi.org/10.1073/pnas.1003111107
dx.doi.org/10.1073/pnas.1003111107
dx.doi.org/10.1073/pnas.1003111107
dx.doi.org/10.1073/pnas.1003111107
dx.doi.org/10.1038/ncomms3698
dx.doi.org/10.1038/ncomms3698
dx.doi.org/10.1038/ncomms3698
dx.doi.org/10.1038/ncomms3698
dx.doi.org/10.1038/ncomms3698
dx.doi.org/10.1038/ncomms3698
dx.doi.org/10.1038/ncomms3698
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2014.02.001
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
dx.doi.org/10.1016/j.tics.2013.09.007
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775
http://refhub.elsevier.com/S0166-4328(16)30332-1/sbref0775

	The anatomy of empathy: Vicarious experience and disorders of social cognition
	1 Introduction
	1.1 What is empathy?

	2 Anatomy of the anterior cingulate cortex and anterior insula
	3 Animal studies of vicarious experience
	4 Human studies of vicarious experience
	4.1 Vicarious pain
	4.2 Vicarious reward
	4.3 Summary

	5 Does empathy rely on shared representations?
	6 Disorders of vicarious experience
	6.1 Psychopathy
	6.2 Autism spectrum disorders

	7 Future directions
	7.1 Implications of research on vicarious experience for psychopathy and ASD
	7.2 Linking vicarious experience to behaviour
	7.3 Concluding remarks

	Acknowledgements
	References


