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Abstract

Affect sharing and prosocial motivation are integral parts of empathy that are conceptually and
mechanistically distinct. We used a neurodegenerative disease (NDG) lesion model to examine the
neural correlates of these two aspects of real-world empathic responding. The study enrolled 275
participants, including 44 healthy older controls and 231 patients diagnosed with one of five
neurodegenerative diseases (75 Alzheimer's disease, 58 behavioral variant frontotemporal
dementia (bvFTD), 42 semantic variant primary progressive aphasia (svPPA), 28 progressive
supranuclear palsy, and 28 non-fluent variant primary progressive aphasia (nfvPPA). Informants
completed the Revised Self-Monitoring Scale's Sensitivity to the Expressive Behavior of Others
(RSMS-EX) subscale and the Interpersonal Reactivity Index's Empathic Concern (IRI-EC)
subscale describing the typical empathic behavior of the participants in daily life. Using regression
modeling of the voxel based morphometry of T1 brain scans prepared using SPM8 DARTEL-
based preprocessing, we isolated the variance independently contributed by the affect sharing and
the prosocial motivation elements of empathy as differentially measured by the two scales. We
found that the affect sharing component uniquely correlated with volume in right > left medial and
lateral temporal lobe structures, including the amygdala and insula, that support emotion
recognition, emotion generation, and emotional awareness. Prosocial motivation, in contrast,
involved structures such as the nucleus accumbens (NaCC), caudate head, and inferior frontal
gyrus (IFG), which suggests that an individual must maintain the capacity to experience reward, to
resolve ambiguity, and to inhibit their own emotional experience in order to effectively engage in
spontaneous altruism as a component of their empathic response to others.
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1. Introduction

Empathy comprises a complex set of socioemotional processes that engage and redirect
individuals’ emotions and interpersonal behavior. Affect sharing and prosocial motivation
are two integral parts of empathy (Decety and Jackson, 2006; Zaki and Ochsner, 2012), and
both may reflect mechanistically distinct dimensions of what Fan et al. (2011) termed
“affective-perceptual” empathy in their meta-analysis of empathy studies. Affect sharing
involves vicariously taking on and resonating with the emotional state of another, while
prosocial motivation involves the desire to engage in a helping behavior. Affect sharing,
sometimes referred to as emotional contagion, involves the ability to sense others’ social
signals and rapidly embody their emotional experience, and may occur without explicit
awareness (Zaki and Ochsner, 2012). Inherently, this occurs during an in-person interaction.
Prosocial motivation or the “desire to help”, on the other hand, can be experienced in
relation to another whether or not they are physically present, and may not be reflected in
actual helping behavior (Aydinli et al., 2014; Batson and Powell, 2003; Perugini et al.,
2011). For example, one may experience a desire to help someone while reading about them
or hearing about their situation from a third party, even if one does nothing more about it.

The neuroanatomical correlates of empathy have been widely studied in functional imaging
studies of healthy participants, which have been particularly helpful in dissociating the
neuroanatomic substrates of these distinct aspects of empathy. In an extensive review of the
empathy-neuroscience literature, Zaki and Ochsner identified several frontal, temporal, and
parietal correlates of affect sharing, including the inferior parietal lobule (IPL),
temporparietal junction (TPJ), posterior superior temporal sulcus (pSTS), temporal pole,
anterior insula, premotor cortex (PMC), posterior cingulate cortex (PCC), anterior cingulate
cortex (ACC), and medial prefrontal cortex (mPFC). Fewer studies have examined the neural
underpinnings of prosocial motivation, though some have examined positive behavioral
outcomes (i.e., actual helping behavior) as a proxy for motivation. One fMRI study
demonstrated that the degree to which individuals more frequently engaged in daily helping
behaviors with both friends and strangers was correlated with activity in mPFC, dorsal ACC,
nucleus accumbens (NaCC)/ caudate, and precuneus (Rameson et al., 2012).

Despite progress in identifying the functional anatomy of empathic subprocesses, task-based
neuroimaging studies with healthy individuals still have a number of limitations. First, it is
difficult to elicit real-world empathic responses in an MRI scanner in a laboratory setting.
Second, neuroimaging studies reveal parts of the brain that are engaged during fMRI tasks,
but do less to disentangle neural correlation from causation. Lesion studies, in contrast, yield
information about the necessity and sufficiency of specific neural structures for the
emotional behavior in question (Hillis, 2014).

Neurodegenerative disease (NDG) provides a patient lesion model for examining the
structural correlates of empathy, as marked changes in empathic behavior are characteristic
of many patients with NDG (Fernandez-Duque et al., 2010; Liu et al., 2004; Rankin et al.,
2005; Snowden et al., 2001), and a number of studies have examined the structural correlates
of empathic concern in NDG samples (Eslinger et al., 2011; Sollberger et al., 2014; Zahn et
al., 2009). Rankin and colleagues (Rankin et al., 2006) performed a brain-behavior

Neuropsychologia. Author manuscript; available in PMC 2018 July 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shdo et al.

Page 3

correlation analysis across NDG patients with a diverse range of atrophy patterns and found
that empathy strongly corresponded to volume in predominantly right anteromedial temporal
and inferior frontal structures. Reviews of the broader empathy and lesion literature further
support the relationship between right frontotemporal regions and empathy, with
ventromedial PFC, inferior frontal gyrus (IFG), orbitofrontal cortex (OFC), superior
temporal gyrus (STG), right temporal pole, anterior insula, amygdala, and caudate appearing
across multiple lesion studies (Hillis, 2014; Olson et al., 2007) However, in contrast,
Dermody and colleagues found primarily left inferior frontoinsular correlates in NDG
patients with Alzheimer's disease (AD) and behavioral variant frontotemporal dementia
(bvFTD) (Dermody et al., 2016). Fewer structural correlation studies have been attempted in
healthy samples, likely due to methodological issues arising from lack of variance in brain
volume, but one such study also found primarily left subcortical structures to correlate with
empathy (Banissy et al., 2012). The diversity of structural correlates in such studies suggests
that empathy is likely a composite behavior dependent on multiple neurological processes;
however, none of these lesion studies provides specific insight into the differential anatomic
substrates of empathy's affect sharing or prosocial motivation elements.

Most of the behavioral empathy measures used in these studies were obtained via informant
report of day-to-day behavior, rather than direct laboratory measurement of empathy. Direct
task-based empathy tests are more neuroscientifically precise, but due to the artificiality of
the laboratory setting, are less likely to provide a true reflection of an individual's natural
empathic responses and spontaneous behavior, particularly when patients have cognitive
deficits that compromise laboratory task-based paradigms (Hillis, 2014). On the other hand,
observational and questionnaire-based studies, while more ecologically valid, typically fail
to represent empathic subcomponents with precision, because these are emationally,
behaviorally, and functionally intertwined and thus difficult to parse apart in real-life
behavior. (Cliffordson, 2002; Decety et al., 2004; Rankin et al., 2005).

While observational studies of real-life empathic responding in NDG patients remain
methodologically challenging and thus have typically been used to describe empathy only in
very broad behavioral terms, we chose to utilize this approach for the current study because
it may yet be capable of providing new information about the structural anatomy underlying
specific subcomponents of empathy. We hypothesized that two aspects of empathy, affect
sharing and prosocial motivation, were dissociable, and that even as measured in the overt
behavior of patients with focal neurologic damage, these two aspects of empathy would
correspond to discrete neurologic circuits. Specifically, we hypothesized that diminished
affect sharing would correspond to volume loss predominantly in temporal lobe cortical and
subcortical structures known to mediate person perception, social cue reading, and
emotional experience (Olson et al., 2007; Ross and Olson, 2010; Zahn et al., 2009).
Decreases in prosocial motivation or the “desire to help” were hypothesized to correspond
with volume loss in medial frontal structures involved in behavioral motivation (Holroyd and
Yeung, 2012; Kouneiher et al., 2009; Kringelbach, 2005) and frontal-subcortical structures
involved in reward processing (Cardinal et al., 2002; Shany-Ur et al., 2011; Tekin and
Cummings, 2002). For this study, our primary goal was to identify brain-behavior
relationships representing fundamental neurologic mechanisms generalizable to normal
human empathic functioning. While we used a neurodegenerative disease lesion model to
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test our hypotheses, characterization of the empathy deficits in these clinical groups with
neurodegenerative disease has already been well described (Fernandez-Duque et al., 2010;
Liu et al., 2004; Rankin et al., 2005; Snowden et al., 2001) and was not our main focus. In
order to test our hypotheses and delineate the discrete anatomy underlying affect sharing and
prosocial motivation, we used multiple overlapping but divergent measures of empathy,
obtained as concurrent informant reports of neurodegenerative disease patients’ real-world
empathic functioning, and employed an analytic approach designed to maximize the
convergence and divergence of these empathy measures in the context of individual
differences in regional brain structure on MRI across our whole group of patients.

2. Methods

2.1. Participants

Two hundred and seventy five subjects participated in the study, including 44 healthy older
control subjects and 231 patients diagnosed with one of five neurodegenerative diseases: 75
patients met NINDS-ADRDA criteria for Alzheimer's disease (McKhann et al., 2011), 58
were diagnosed with behavioral variant FTD (Rascovsky et al., 2011), 42 were diagnosed
with semantic variant PPA, 28 were diagnosed with PSP (Boxer et al., 2006; Litvan et al.,
2006), and 28 were diagnosed with non-fluent variant PPA (Gorno-Tempini et al., 2011).
Each study participant had an informant who was a family member or long-term friend who
completed a series of questionnaires about the participant, thus, an additional 275 informants
participated.

Patients’ diagnoses were determined by a team of neurologists, neuropsychologists, and
nurses based on a thorough neurological, behavioral, neuropsychological, and neuroimaging
assessments. Patients with severe language comprehension impairment or those with
behavioral deficits, such as severe perseverative responses that clearly affected validity of
their testing were excluded. Patients with severe cognitive impairments were excluded as
determined by a Mini Mental State Examination (MMSE) score below 11 (out of 30) and a
Clinical Dementia Rating (CDR) above 2 (out of 3). Patients were recruited to the research
program through our memory clinic or referrals from external clinics. Control subjects were
recruited through recruitment talks and local advertisements, and for inclusion were required
to have an unremarkable neurological exam and MRI scan, and no functional or cognitive
deficits. The study was approved by the Committee on Human Research at the University of
California, San Francisco and all participants consented to participate. Demographic
characteristics are presented in Table 1.

2.2. Procedures

2.2.1. Measures

2.2.1.1. Revised Self-Monitoring Scale: The Revised Self-Monitoring Scale (RSMS) is a
13 item questionnaire, comprised of two subscales and completed by the participant's
informant. The RSMS - Sensitivity to Expressive Behavior subscale (RSMS-EX) used for
this study measures the ability to read and accurately interpret subtle nonverbal social cues
(Cliffordson, 2002; Lennox and Wolfe, 1984). Sample items include, “The patient can
usually tell when others consider a joke in bad taste, even though they may laugh
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convincingly,” and “The patient is often able to correctly read people's true emotions
through their eyes.” Broadly speaking, the RSMS-EX is a measure of rapid “social
intuition”, which can occur without deliberate reasoning, and the items are worded to refer
to empathic sensitivity during in-person, face-to-face interactions. The RSMS-EX is
comprised of 7 questions; each question is on a 6 point, Likert scale ranging from “certainly,
always false” to “certainly, always true.”

2.2.1.2. Interpersonal Reactivity Index — empathic concern: The Interpersonal Reactivity
Index (IRI) is a questionnaire completed by the participant's informant to measure their
tendency to show emotional empathy (Davis, 1983). The empathic concern subscale (IRI-
EC) used for this study measures the extent to which an individual experiences feelings of
concern and sympathy for others. Some of the items are worded explicitly to measure the
desire to help (e.g. “When the patient sees someone being taken advantage of, they feel
protective towards them”), and it predicts helping behavior and prosocial tendencies (Batson
et al., 1986), suggesting prosocial motivation is one aspect of the construct being measured
by this scale (Hawk et al., 2013). The items on the IRI-EC do not assume that the empathic
response is derived from face-to-face interactions, but are ambiguously worded such that
scores on the measure might equally reflect empathic concern after indirectly hearing about
another's emotional need, e.g., reading about it or hearing it described, as much as through
direct in-person observation (e.g., “The patient often has tender, concerned feelings for
people less fortunate than them”). Items do not assume that the individual successfully
selects and engages in specific helping behaviors, but explicitly calls for ratings to be made
based on the individual's expressed desire to engage with the other's perceived need. It
consists of 7 items and answered using a 5-point, Likert scale ranging from ‘Does not
describe him/her well’ to *Describes him/her very well.’.

2.2.1.3. Derived measures of affect sharing and prosocial motivation: Because the
psychological constructs of affect sharing and prosocial motivation are not discretely
isolated in the real-world empathic traits measured by these questionnaires, we derived
measures of these constructs by conducting a regression analysis attempting to better isolate
the independent contributions of each measure to dissociate the neural correlates that are
unique to prosocial motivation and affect sharing. While the IRI-EC and RSMS-EX likely
share overlapping elements of empathy, such as accurately determining the other's
“emotional need”, the IRI-EC also contains items measuring desire to help (i.e., prosocial
motivation), while the RSMS-EX does not. Thus, by removing the shared variance of
RSMS-EX from IRI-EC, we are left only with variance in the IRI-EC that is associated with
these higher order motivational elements that are not measured at all by the RSMS-EX.
Conversely, because the RSMS-EX explicitly measures in-person awareness of subtle social
cues, while the IRI-EC does not directly measure this (Davis, 1983; Cliffordson, 2002). By
removing the shared variance of IRI-EC from RSMS-EX, higher order aspects of empathic
cognition are removed. Thus, we are left primarily with variance associated with direct
affect sharing as a result of social cue reading, which is not explicitly measured by the IRI-
EC. These statistical dissociation analyses were performed via VBM analysis, with behavior
measure as primary predictor, and age, gender, MMSE and TIV as confounds.
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2.2.1.4. Other cognitive/behavioral tests: An extensive neuropsychological battery was
administered to all participants to support their diagnostic characterization, details for this
battery are described elsewhere (Rosen et al., 2002). For this study we included MMSE,
CDR, Clinical Dementia Rating — Sum of Boxes (CDR-SOB), and Geriatric Depression
Scale (GDS) for patient characterization and control of confounding.

2.2.1.5. Neuroimaging acquisition and VBM preprocessing: Participants underwent a 3-T,
1.5-T, or 4-T research quality structural MRI within 90 days of completing the IRI-EC and
RSMS-EX. Details of the MRI acquisition are described elsewhere (Shany-Ur et al., 2014;
Sturm et al., 2013). Preprocessing involved segmenting the T1-structural images into gray
matter, white matter, and cerebrospinal fluid and spatially normalizing them into MNI space
using statistical parametric mapping (SPM8) (Friston et al., 2007). To preprocess these
images, the SPM8 software package and the VBM8 toolbox running on MATLAB was used.
To optimize intersubject registration, each participant's image was warped to a template
created from 150 healthy older control participants using the Diffeomorphic Anatomical
Registration through Exponentiated Lie algebra (DARTEL) toolbox (Ashburner, 2007).
Spatially normalized, segmented, and modulated gray matter images were smoothed using
an 8-mm FWHM isotropic Gausian kernel. Otherwise, the standard preprocessing SPM8
approach was used, as described elsewhere (Shany-Ur et al., 2014; Sturm et al., 2013).

2.2.2. Statistical analysis

2.2.2.1. Behavioral data: Potential covariates such as age, gender, education, depression
(GDS), and disease severity (MMSE, CDR, and CDR-SOB) were assessed using SAS proc
glm. Diagnostic group differences for IRI-EC and RSMS-EX scores were analyzed using
SAS proc glm controlling for age, gender, and MMSE. Post-hoc Dunnett and Dunnett-Hsu
tests were used to identify pairwise diagnostic group differences in each variable compared
to controls (Table 1).

2.2.2.2. VBM analyses: All VBM analyses included age, gender, MMSE, magnet strength,
and total intracranial volume (TIV) as covariates in each design matrix, correlating
behavioral score with smoothed gray matter volume using a one-tailed, t-contrast. First, the
main effects of RSMS-EX and IRI-EC were derived using separate design matrixes, then
each of these variables was analyzed as a predictor of interest controlling for the other test.
To identify the neural correlates of affect sharing, the IRI-EC score was added as a confound
to the design matrix when RSMS-EX score was the primary predictor. To identify the neural
correlates of prosocial motivation, the RSMS-EX score was added as a confound when IRI-
EC score was the predictor. Only results surviving a family-wise-error threshold of p < 0.05
with a cluster size > 100 mm3 were considered significant.

Because different dementias included in this sample are associated with diverse patterns of
brain atrophy, we conducted a set of secondary error checks to determine whether any brain-
behavior relationships seen in these analyses were only seen in a single diagnostic group and
did not generalize across the sample. First, we examined scatterplots of patients’ covariates-
adjusted RSMS_EX and IRI_EC scores versus their gray matter volume at the peak voxel
for the 3 regions with the highest T-values, grouping the plot by diagnosis, in order to
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confirm adequate variance on the measures within each diagnostic group. Second, we
performed an additional VBM analysis (coatrophy error check) in which each diagnostic
group was parameterized and added to the model (+5 predictors for 6 levels of diagnosis),
essentially factoring out any brain-behavior relationship that only appears within one
diagnostic group. A detailed rationale for this procedure is described elsewhere (Sollberger
etal., 2012).

3.1. Behavioral results

An analysis of variance, using SAS proc glm and a Dunnett-Hsu post hoc test revealed
significant group differences in age, CDR, CDR-SOB, MMSE, and GDS (p <0.0001) when
diagnostic group means were compared to controls (Table 1). The mean CDR was less than
1.3 across all patient groups, indicating that patients were at an early point in disease
progression. Gender also significantly differed between patients and the control group (p <
0.05) and thus was included in subsequent models. Education did not significantly differ
between patient and control groups and thus was not included in the models.

A general linear model controlling for age, gender, and MMSE revealed diagnostic group
differences in both IRI-EC and RSMS-EX. IRI-EC score was significantly lower in patients
with bvFTD (p < 0.0001) and svPPA (p < 0.0001) compared to controls. RSMS-EX was
significantly worse in all patient groups, except the svPPA group, as compared to controls
(bvFTD, nfvPPA, and PSP p < 0.0001, AD p < 0.005) (Table 1).

3.2. Neuroimaging results

3.2.1. RSMS-EX: sensitivity to expressive behavior of others—RSMS-EX was
significantly correlated (pFWE < 0.05) with right greater than left gray matter volumes in
the medial and lateral temporal lobes as well as in subcortical, frontal, and cerebellar
regions. Subcortical structures that most strongly correlated with RSMS-EX included the
amygdala, thalamus, and basal ganglia structures (caudate, putamen, and globus pallidus.)
Structures throughout the medial and lateral temporal lobes were significant, including the
temporal pole, entorhinal/ parahippocampal areas, as well as the superior, medial and
inferior temporal gyri. Frontal regions that most strongly correlated with RSMS-EX
included the mPFC and orbitofrontal gyri, medial cingulate structures as well as lateral
frontal gyri such as the superior, middle, opercular, and triangular parts of the IFG (Fig. 1A,
Table 2, Supplementary Table 1).

3.2.2. IRI-EC: empathic concern—IRI-EC was significantly correlated with bilateral
gray matter volumes in the medial and lateral temporal lobes as well as in subcortical,
frontal, and cerebellar regions (pFWE < 0.05). Subcortical structures that most strongly
correlated with IRI-EC included the caudate, putamen and NaCC. Temporal structures that
most strongly correlated with IRI-EC included the anterior insula, posterior insula, and
middle temporal gyrus. Frontal structures that most strongly correlated with IRI-EC
included the orbital gyrii including the posterior, medial, and lateral orbital gyrus (Fig. 1E,
Table 2, Supplementary Table 2).
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3.2.3. Affect sharing — RSMS-EX removing contributions from IRI-EC—Regions
uniquely mediating affect sharing after family-wise error correction (pFWE < 0.05) included
the left medial and lateral temporal lobes (entorhinal area, fusiform gyrus, and planum
polare, temporal pole, inferior temporal gyrus, middle temporal gyrus), bilateral basal
forebrain, right posterior cingulate, bilateral cerebellar cortex as well as subcortical regions
(amygdala, hippocampus, pallidum, putamen, and thalamus) (Fig. 1B, Table 2,
Supplementary Table 1). When error check analyses were performed to identify whether
these brain-behavior relationships generalized across more than one diagnostic group, left-
sided regions dropped out (i.e., were contributed predominantly by a single diagnostic
group) but almost all right temporal and subcortical regions remained significant (i.e., the
same brain-behavior relationship was found in multiple diagnostic groups).

3.2.4. Prosocial motivation — IRI-EC removing contributions from RSMS-EX—
Prosocial motivation was correlated with gray matter volume in the right medial temporal
lobe, the right greater than left subcortical structures, and the right frontal regions, including
the right anterior insula, right greater than left caudate, right NaCC, right putamen, lateral
and medial orbital gyri, and lateral and medial parts of the medial prefrontal cortex (Fig. 1D,
Table 2, Supplementary Table 2). All results survived family-wise error correction (pFWE <
0.05). The right lateral orbital gyrus remained significant in coatrophy error check when
removing results appearing predominantly within a single diagnostic group.

4. Discussion

Our voxel-based morphometry analysis showed that affect sharing was associated with
predominantly right temporal regions involved in emotion recognition, emotion generation,
and awareness of one's own emotional state. Prosocial motivation, in contrast, involved
frontal and subcortical structures associated with social reward, decision making, emotion
regulation, and behavioral inhibition. This dissociation in sub-elements of emotional
empathy was identifiable despite substantial overlap of regions associated with the original
empathy measures.

4.1. Structural anatomy underlying affect sharing

Affect sharing, a key element of empathy, involves recognizing and interpreting another's
emotion, followed by the visceral generation of an emotional response in reaction to the
other's emotional state, and awareness of the newly generated emotion at a basic
neurological level (De Vignemont and Singer, 2006; Singer and Lamm, 2009). These
elements were reflected in the structural anatomic correlates in our study.

4.1.1. Emotion recognition—We found a linear relationship between affect sharing and
gray matter volume in many medial and lateral temporal regions (medial: bilateral temporal
poles and fusiform gyrus, lateral: predominately right lateral temporal gyri [STG, MTG, and
ITG]) as well as in nearby subcortical and limbic structures (parahippocampal gyrus and
entorhinal area). These structures are important for a variety of processes involved in
socioemotional perception and low-level interpretation of social cues, such as reading
emotional and non-emotional facial expressions (Kumfor and Piguet, 2012; Rosen et al.,
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2006; Snowden et al., 2001; Snowden et al., 2004) comprehending vocal prosody (Ethofer et
al., 2006), interpreting emotion and intent from body position and gestures (Olson et al.,
2007), theory of mind (Irish et al., 2014; Shamay-Tsoory and Aharon-Peretz, 2007), and
reading paralinguistic cues conveying insincere communication such as sarcasm and
deception (Ethofer et al., 2006; Olson et al., 2007; Rankin et al., 2009; Winston et al., 2002).
Furthermore, these regions are critical for social concepts, socioemotional semantic
knowledge and memory (Olson et al., 2007; Shamay-Tsoory, 2011; Zahn et al., 2009).
Accurately decoding subtle social stimuli likely contributes to affect sharing by providing a
more precise and detailed representation of another's emotional experience. This more
complete representation facilitates and enhances the internal reproduction of that experience.
These findings support the role of these temporal emotion-reading regions in mediating the
degree to which participants engage in accurate affect sharing. Because a correlational lesion
model was used in this study, the causal directionality between emotion reading and affect
sharing remains ambiguous; in an alternate interpretation, better attunement may also
facilitate detection and accurate reading of emotions in our patients by increasing attention
and engagement (Sened et al., 2016).

4.1.2. Emotion generation—In addition to recognizing another's emotional state, affect
sharing, by definition, involves internally generating the other's emotion. The association we
found between the amygdala and affect sharing is consistent with studies that demonstrate
the role of the amygdala in emotion generation. Emotions are generated in both top-down
and bottom-up processes, and the amygdala participates in both (Ochsner et al., 2009). In the
top-down mechanism, emotions are generated after interpreting socioemotional stimuli such
as speech or facial expressions. In the bottom-up mechanism, emotions are elicited in
response to internal physiological states of which the individual may or may not be
conscious (McRae et al., 2010). The relationship between amygdala volume and affect
sharing may result from the specific role of the amygdala in generating emotional states,
either on the basis of external (top-down) or internal (bottom-up) stimuli. This association
with amygdala volume was not seen with prosocial motivation, in contrast, which suggests
that while generating emotion may be an essential part of affect sharing, it may not be
critical for engendering a desire to help.

4.1.3. Subjective awareness of emotional experience—In addition to regions
associated with emotion recognition and generation, affect sharing involves structures
associated with awareness of one's own emotional state (Singer et al., 2004), which was
reflected in our finding that capacity for affect sharing correlated with insula volume. The
insula integrates somatosensory information, environmental stimuli, hedonic conditions, and
motivational, social and cognitive conditions, which allows it to play an important role in
maintaining subjective awareness of emotional state (Craig, 2002, 2003). Greater capacity
for emotional self-awareness, in turn, may enhance affective resonance. The insula is
anatomically organized in such a way that the posterior insula receives primary
interorceptive and somatic information, while increasingly complex, top-down information
about motivational, social and cognitive conditions is progressively integrated over a
posterior to anterior gradient (Craig, 2009). Therefore, our finding that affect sharing
correlates with preserved volume both in the right posterior and anterior insula suggests that
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effective affect sharing involves the integration of basic somatosensory awareness with
complex cognitive information derived from higher-order executive, semantic, and other
social contextual processes.

The degree to which awareness of basic and higher order emotional information is integrated
may lend greater accuracy to shared affective resonance, leading to more appropriate
downstream empathic behaviors. These findings align well with results from previous
studies which report the role of the insula in affect sharing (Hadjikhani et al., 2014; Lerner et
al., 2016). For instance, bilateral anterior insula activation occurs when healthy participants
view others drinking a disgust inducing beverage (Jabbi et al., 2007) suggesting that insula
plays a role in sharing the experience of another's bodily and emotional state. Studies of
intrinsic functional connectivity in healthy individuals also show that those with higher self-
reported affective empathy have stronger functional connectivity across socioemotional
regions including the anterior insula (Cox et al., 2012). Other lesion studies, including NDG
models, have also shown that the insula is a key structure for affect sharing (Leigh et al.,
2013). Gu and colleagues found that patients with anterior insula damage had impaired
affect sharing in the context of implicit and explicit perception of others pain (Gu et al.,
2012). The insula may also contribute to affect sharing via its role in self-awareness (Craig,
2009). Emotional self-awareness can also up-regulate emotions through a resonance loop in
which the insula mediates awareness of one's emotional state, and can promote and amplify
the generation of that emotional state by the anterior cingulate (Critchley, 2005). Thus, by
reducing emotional self-awareness, insular atrophy may also decrease this synergistic
cingulate-insula resonance and limit emotional contagion.

4.2. Structural anatomy underlying prosocial motivation

Prosocial motivation is the desire to engage in an altruistic helping behavior, a precursor to
empathic behavior (Eisenberg and Miller, 1987; Penner et al., 2005; Weinstein and Ryan,
2010). In our study, this empathic desire to help was related to structures involved in reward,
social decisionmaking, and emotion regulation.

4.2.1. Social reward—We found that prosocial motivation had a linear relationship with
volume in striatal structures that are involved in processing rewards (caudate and NaCC).
Functional imaging studies show that engaging in prosocial interpersonal behaviors activates
reward circuitry, suggesting that these striatal structures are also sensitive to social rewards.
For instance, learning that one has a good reputation among others, results significantly
increased activity in the caudate and putamen (Izuma et al., 2008). Furthermore, fMRI
studies demonstrate that the ventral striatum activates when participants decide to engage in
prosocial behaviors, such as donating money to charity to help others (Baez-Mendoza and
Schultz, 2013; Harbaugh et al., 2007; Moll et al., 2006). These studies reveal a causal
relationship in which the social reward was experienced as a result of being liked or simply
of producing a helping behavior, and this mechanistic understanding of the role of reward in
prosocial behaviors is widely held (Fehr and Fischbacher, 2003).

However, our lesion data suggests that preservation of volume in the NaCC and caudate may
also be a prerequisite to being characteristically motivated to help another. If individuals
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only experience reward in response to their prosocial acts, then we would expect some of the
patients in our study with early neurodegeneration of the caudate and NaCC to still be
habitually engaging in prosocial behaviors in an attempt to derive previously experienced
social rewards based on learned behavioral associations, even if their neural damage had
recently reduced or eliminated their experience of that reward. Yet we found a strong linear
relationship between prosocial motivation and these reward structures, meaning that it was
uncommon for patients with atrophy of these reward structures to continue to demonstrate
prosocial motivation in their daily lives. This suggests that being capable of experiencing a
reward state may predispose one towards engaging in helping behaviors, while conversely
the reduced capacity for reward may decrease the tendency towards prosocial behavior, as
has been shown in animal and human models (Heshmati and Russo, 2015; Riga et al., 2015).
There is evidence from other NDG lesion studies that some patient groups are less likely to
seek out social reward than others (Perry et al., 2014; Perry and Kramer, 2015), and that
patients with damage to reward circuitry are more likely to be socially and emotionally
detached (Bickart et al., 2014). Taken with our findings, this suggests that reward circuitry
may be necessary to experience prosocial motivation. An alternative explanation that cannot
be resolved due to the cross-sectional nature of this study is that this linear brain-behavior
relationship may have resulted from a selective invulnerability to neurodegeneration, in
which individuals engaging in higher frequency and intensity of prosocial behavior retained
volume in these reward structures relative to other patients.

4.2.2. Social decision making and ambiguity—The relationship observed between
caudate volume and prosocial motivation may also reflect a second mechanism. In addition
to functioning in the reward system, the caudate has a well-established role in social
decision making (Rilling, 2008). When there is uncertainty or a lack of clarity in a social
context, resolving this ambiguity is an important aspect of deciding whether or not to engage
in a helping behavior. Ambiguity resolution is a process associated with the caudate as
evidenced by fMRI paradigms with healthy individuals (O’Doherty, 2011; Ketteler et al.,
2008). fMRI studies demonstrate that the caudate is recruited when an individual is deciding
whether to perform an altruistic helping behavior or a non-helping behavior (FeldmanHall et
al., 2015). Also, resolving ambiguity and making a decision to act or refuse to act may in
itself be rewarding (Aupperle et al., 2015; Soares et al., 2012).

4.2.3. Emotion regulation—In our study, prosocial motivation had unique associations
with volume in the IFG and the lateral orbital gyrus. The IFG is involved in inhibition of
one's own behavior (Aron et al., 2004) and is active when individuals engage emotion
regulation strategies such as cognitive reappraisal (Goldin et al., 2008; Ochsner et al., 2004).
Unlike affect sharing, prosocial motivation often requires an individual to inhibit their own
emotional response or self-protective behavior in order to behave in a way that helps the
other. For instance, empathy might motivate one to confront a bully who is attacking another
person, even though drawing that bully's attention would be directly contrary to one's self-
preservation interests. Other lesion studies have shown that some NDG patients have a
decreased ability to inhibit their own mental perspective during a false belief task (Le Bouc
et al., 2012), suggesting that they can lose this capacity for self-regulation.

Neuropsychologia. Author manuscript; available in PMC 2018 July 31.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Shdo et al. Page 12

4.3. Limitations

The observational nature of this study is a major limitation, as informant reports of empathic
functioning by necessity only tap into broader observable behaviors, and thus may be
insensitive to more precise elements of cognitive-affective processing. Also, by focusing on
structures that were in disjunction between the two empathy measures (RSMS-EX and IRI),
we likely removed areas relevant to empathy that are important for both affect sharing and
prosocial motivation. Though analyses of these overall measures can be found elsewhere
(Rankin et al., 2006), other studies employing alternative approaches will be needed to
discover any putatively shared regions. Additionally, while there are many advantages to
using a lesion-model, such as increased variability in both brain volume and behavior, this
approach makes it difficult to determine if a structure directly mediates the behavior, or if
damage to that structure results in disconnection from other regions that are necessary for
the behavior. Additional studies prospectively delineating these brain-behavior relationships,
or looking at the development of deficits within individuals whose premorbid
socioemotional functioning is well-characterized, are certainly warranted.

4.4. Conclusions

In summary, the fact that many measures of empathy are conceptually and anatomically
overlapping can be used advantageously in patient lesion studies, if care is taken to delineate
the subprocesses involved in empathy rather than simply looking at the entire map of regions
involved. We found that affect sharing uniquely draws upon diverse structures in temporal
lobe, including the amygdala and insula, that support emotion recognition, emotion
generation, and emotional awareness. Overall, this provides neurologic support for models
of affect sharing predicated on intact ability to recognize, internally generate, and viscerally
sense their own emational state in direct response to the other. We also found that prosocial
motivation, in contrast, involves structures such as the NaCC, caudate, and IFG, which
suggests individuals must maintain the capacity to experience reward, to resolve ambiguity,
and to inhibit one's own emotional experience in order to effectively engage in spontaneous
altruism as a component of their empathic response to others.
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Fig. 1.
Patterns of gray matter volume in neurodegenerative disease patients and healthy older

controls (N=275) corresponding to measures of empathy, adjusting for age, gender, MMSE
(as a proxy for disease severity), total intracranial volume, and magnet strength. Images
were overlaid on an average brain based on a template used for DARTEL warping derived
from gray matter images of N=150 healthy older controls. All results shown in A-E are
significant at pFWE < 0.05, corresponding to a critical T-threshold of 4.4. A: Regions where
RSMS-EX scale score corresponds with brain volume. B: Regions where RSMS-EX scale
score corresponds with brain volume after removing effects related to the IRI-EC scale

Neuropsychologia. Author manuscript; available in PMC 2018 July 31.
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score. C: Regions corresponding to B and D represented in direct contrast. D. Regions where
IRI-EC scale score corresponds with brain volume after removing effects related to the
RSMS-EX scale score. E. Regions where IRI-EC scale score corresponds with brain
volume.
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