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Abstract

Shared neural representations during experienced and observed distress are hypothesized to reflect empathic neural
simulation, which may support altruism. But the correspondence between real-world altruism and shared neural
representations has not been directly tested, and empathy’s role in promoting altruism toward strangers has been
questioned. Here, we show that individuals who have performed costly altruism (donating a kidney to a stranger;
n = 25) exhibit greater self-other overlap than matched control participants (nz = 27) in neural representations of
pain and threat (fearful anticipation) in anterior insula (AD during an empathic-pain paradigm. Altruists exhibited
greater self-other correspondence in pain-related activation in left AI, highlighting that group-level overlap was
supported by individual-level associations between empathic pain and firsthand pain. Altruists exhibited enhanced
functional coupling of left AT with left midinsula during empathic pain and threat. Results show that heightened neural

instantiations of empathy correspond to real-world altruism and highlight limitations of self-report.
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Does empathy promote altruism? Empathy is the suite
of processes that enables an individual to perceive and
understand others’ distress, promoting the motivation
to act on their behalf (de Waal, 2008). Empathy for pain
entails recruiting neural processes that are equivalent
to those recruited during the firsthand experience of
pain (Ritgen et al., 2015), and such self-other mapping
has been theorized to promote nonreciprocal altruism:
voluntary, costly actions aimed at improving another
person’s welfare (Ashar, Andrews-Hanna, Dimidjian, &
Wager, 2017; Batson, 2010; de Waal, 2008; Preston &
de Waal, 2002). But linking empathy unambiguously to
altruism has proven challenging. Some researchers
argue that empathy may actually preclude altruism by
biasing respondents away from individuals who are
distant or dissimilar to them and that empathy must be
overridden by cognitively mediated compassion (Bloom,

2017). The difficulty of objectively measuring and oper-
ationalizing both empathy and altruism impedes clear
conclusions. Empathic self-other mapping cannot be
directly reported or observed through behavior, and
genuinely costly altruism is impractical or unethical to
reproduce in a laboratory. The aim of the present study
was to test putative links between objectively measured
empathy and costly real-world altruism by evaluating
whether individuals who have voluntarily engaged in a
stringently defined form of altruism (donation of a kid-
ney to a stranger) exhibit spontaneous enhancements
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in self-other neural mapping of experienced and
observed distress, including pain and threat (fearful
anticipation).

The anterior insula (AD is a neural region strongly
implicated in empathy. Self-other mapping of pain can
be observed in Al, which is active during both experi-
enced and observed pain (Bernhardt & Singer, 2012;
Fan, Duncan, de Greck, & Northoff, 2011; Lamm, Decety,
& Singer, 2011; Rutgen et al., 2015; Singer et al., 2004;
Zaki, Wager, Singer, Keysers, & Gazzola, 2016), particu-
larly in response to close others or in-group members
(Beckes, Coan, & Hasselmo, 2012; Hein, Silani,
Preuschoff, Batson, & Singer, 2010), and has been impli-
cated in affective empathy and nonreciprocal altruism
more generally (Fan et al., 2011; Kanske, Bockler, Traut-
wein, & Singer, 2015; Patil et al., 2017; Tusche, Bockler,
Kanske, Trautwein, & Singer, 2016). Only altruism for
strangers can be unambiguously described as nonrecip-
rocal; if empathy promotes nonreciprocal altruism,
enhanced self-other neural mapping in Al and associ-
ated regions while viewing an anonymous stranger’s
pain may be observed in individuals who have engaged
in costly altruism for strangers.

To test this hypothesis, we recruited a rare sample
of individuals who had donated a kidney to a stranger
and compared them with demographically matched
control participants. Both groups underwent a pressure-
pain paradigm and also watched as a stranger under-
went an identical pain paradigm in real time. Altruistic
kidney donation is a voluntary, extraordinarily costly
form of altruism performed to benefit strangers, thereby
satisfying stringent definitions of altruism (Batson, 2010;
Clavien & Chapuisat, 2013; de Waal, 2008). Evaluating
altruistic kidney donors circumvents ethical and practi-
cal considerations that preclude reproducing genuinely
costly altruism in the laboratory and minimizes social
desirability and norm-adherence motives that contami-
nate laboratory-elicited altruism (Eisenberg & Fabes,
1990). The study of this special population of extraor-
dinary altruists therefore provides valuable insight into
the basis of altruism, much as the study of other special
populations has provided important insights into mech-
anisms underlying, for example, memory (LePort et al.,
2012) and face processing (Russell, Duchaine, &
Nakayama, 2009).

We hypothesized that enhanced group-level self—
other mapping in Al and other affective pain regions
would be observed in altruists relative to controls.
Moreover, these group-level differences would be sup-
ported by increased self-other correspondence at the
individual level during two types of pain-related dis-
tress (defined as negative affect elicited in response to
or anticipation of an aversive stimulus). The two types
of distress examined here were threat (fearful anticipa-
tion following a cue that probabilistically predicted

pressure pain in the ensuing trial) and pressure pain. In
other words, not only would altruists show more overlap
of activation during experienced and empathic pain, and
during experienced and empathic threat, but also expe-
rience-based activation would be associated with
empathic activation in altruists at the individual level.
Functional connectivity of Al during empathic pain and
threat was also examined given AI's role as a hub in an
affective salience network (Bernhardt & Singer, 2012;
Menon & Uddin, 2010) that may support empathically
motivated altruism.

Method

Participants

Fifty-seven participants, who included 29 altruistic kid-
ney donors and 28 matched controls, took part in this
study for monetary payment. Sample sizes were deter-
mined using fMRIPower (SPM Toolkit; Mumford &
Nichols, 2008), specialized software used to determine
power estimates for functional MRI (fMRD data, and
pilot data from our previous study of altruistic donors
(Marsh et al., 2014). One altruist was unable to com-
plete the task as a result of scanner malfunction. Addi-
tionally, 3 altruists and 1 control participant were
excluded from analyses for movement exceeding
0.5 mm for at least 15% of the total number of task
repetition times (TRs). This resulted in a final sample
of 25 altruistic kidney donors and 27 matched controls
between 21 and 55 years old (see Table 1 for participant
characteristics).

Altruistic kidney donors were recruited using mail-
ings and electronic advertisements through local and
national transplant organizations. The sample of altru-
ists was limited by the extreme rarity of this behavior
(1,819 such donations in the United States through 2016
according to the Organ Procurement and Transplanta-
tion Network, 2017). Because altruists were recruited
from across North America, most altruists resided more
than a 2-hr drive from the university and were provided
with airfare and up to two nights lodging. All altruists
had donated a kidney to a stranger unknown to them
personally at the time they decided to donate. Nineteen
altruists were nondirected donors for whom the recipi-
ent was anonymous at the time of donation. The
remaining 6 directed their donations to a specific indi-
vidual who was known to them at the time of donation
but whose need for a kidney they had learned about
through, for example, a flier or an Internet posting. All
donations were verified through independent sources,
including transplant center records or media reports.

Using data obtained from the Organ Procurement
and Transplantation Network, which is administered by
the United Network of Organ Sharing under contract
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Table 1. Participant Characteristics

Characteristic Altruists (2 = 25) Controls (n = 27) p Effect size®
Male n =9 (36.0%) n =13 (48.2%) 376 0.12
White n =23 (92.0%) n =22 (81.5%) 267 0.15
Right-handed n = 24 (96.0%) n =25 (92.6%) 599 0.07
Household income > $60,000 n =19 (76.0%) n = 24 (92.3%) .109 0.22
Education > 4-year degree n =17 (68.0%) n = 24 (88.9%) .065 0.26

Age (years) M = 41.92 [38.04, 45.80] M = 38.89 [35.38, 41.40] .229 0.34 [-0.21, 0.88]
1Q M = 108.28 [103.40, 113.16] M =111.22 [106.96, 115.48] 375 0.25 [-0.30, 0.79]

Note: One control subject did not report household income. For age and IQ, 95% confidence intervals are given in brackets.
*Effect sizes for gender, race, handedness, income, and education are ¢s; effect sizes for age and IQ are ds.

with the U.S. Department of Health and Human Ser-
vices, we confirmed that the altruists recruited for this
study were representative of the national population of
altruistic donors in terms of sex and race (exact ages
are not available for the national sample). Healthy vol-
unteers were recruited from the local community using
fliers, online advertisements, and electronic participant
databases including ResearchMatch. The present study
was conducted 3 years after our prior neuroimaging
studies (Brethel-Haurwitz et al., 2017; Marsh et al.,
2014) and included partially overlapping subject sam-
ples, with 12 altruists and 6 controls returning for this
study.

Exclusion criteria for all participants included current
use of psychotropic medication, history of head injury
or neurological illness, IQ less than 80 (as assessed
using the Kaufman Brief Intelligence Test-Second Edi-
tion; Kaufman & Kaufman, 2004), and pregnancy or
other contraindications to safe MRI scanning, including
metal fragments or implants. Thorough screening of
psychopathology was also conducted to ensure group
matching on potentially relevant psychological vari-
ables. Participants were excluded if they scored above
clinical cutoffs for Global Severity, Positive Symptom
Distress, or Positive Symptom Total on the Symptom
Checklist-90 (Derogatis & Unger, 2010) Somatization,
Obsessive-Compulsive, Depression, Anxiety, Paranoid
Ideation, or Psychoticism subscales. If totals reflected
elevated scores on the Interpersonal Sensitivity or Hos-
tility subscales, participants were not excluded. Addi-
tionally, given the nature of the task, participants were
excluded if they reported a pain disorder or hearing
difficulties.

Controls were excluded if they reported having ever
volunteered to donate an organ to any individual (not
including consenting to become a deceased organ
donor) or if they expressed interest in potentially doing
so. Specifically, all controls were asked during the ini-
tial screening if they would be interested in receiving
additional information from the Washington Regional

Transplant Center about becoming a living organ donor,
and 27 potential controls who answered yes to this
question were excluded solely for this reason. All study
procedures were approved by the Georgetown Univer-
sity Institutional Review Board, and all participants
provided written informed consent before testing.

Procedure

All interested volunteers initially completed a 90-min
online survey assessing exclusion and inclusion criteria,
demographic variables, and several self-report ques-
tionnaires including the Interpersonal Reactivity Index
(IRI; Davis, 1983). The IRI is a 28-item questionnaire
that measures both total self-reported empathy and four
subscales: Empathic Concern, Perspective Taking, Fan-
tasy Scale, and Personal Distress. Eligible volunteers
were then screened by telephone to confirm eligibility.
Researchers coordinated altruists’ travel to and lodging
at Georgetown University to enable on-site neuroimag-
ing and cognitive testing. On-site testing included the
Empathy for Pain Scale (Giummarra et al., 2015), which
is a self-report questionnaire measuring empathy spe-
cific to pain through 12 emotion constructs across four
contexts in which pain may be observed, resulting in
three subscales: Empathic Concern, Affective Distress,
and Vicarious Pain. To ensure groups were matched,
we asked eligible controls to complete a laboratory
screening that included assessments of 1Q, income,
education, psychological history, medication use, and
MRI compatibility before MRI scanning. After confirma-
tion of eligibility, controls completed neurocognitive
tasks and MRI scanning in a final visit.

During the calibration procedure and the fMRI task
(see Neuroimaging Task), participants received painful
pressure stimulation to their right thumbnail. Pneumatic
pressure was administered remotely by an MRI-safe
device connected to a laptop computer with software
programmed to consistently administer a selected pres-
sure level at intervals and durations matching the task
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Fig. 1. The empathic-pain task. Participants viewed continuous live
video feeds (a) of the hand of the study partner (confederate) and
then their own hand, in separate runs. On each trial (b), a variable
anticipation period was followed by the administration or omission
of painful pressure stimulation to the right thumbnail. An audio cue
at the beginning of the anticipation period indicated whether the trial
was safe or had the potential for pain. A second audio cue indicated
whether or not painful pressure was administered.

structure. When pressure was administered, a circular
plastic plunger with a 2-cm diameter rubber surface
made contact with the right thumbnail of the participant
or confederate, whose thumb was positioned in a clear
plastic tube to keep it in place throughout the task (see
Fig. 1a). Pressure of a rectangular waveform was admin-
istered for 6 s.

Two live video feeds allowed each participant to
observe both the hand of the confederate and his or
her own hand during the task (Fig. 1a). A video camera
positioned next to the confederate in the MRI console
room captured video of the confederate’s hand. Each
participant was briefly introduced to the confederate
in this setup, so that it was apparent to the participant
that the video feed would in fact be live. An MRI-safe
video camera positioned adjacent to the scanner was
adjusted for each participant to capture an equivalent
view of the participant’s own right hand receiving pain-
ful stimulation. The video feed was switched between
these two cameras depending on the run of the task.

Neuroimaging task

Participants completed three runs of the pain task, each
lasting 12 min and 18 s, during fMRI scanning. In the
first two runs, participants observed a “study partner,”
and in the third run they experienced the task themselves
(Fig. 1a). The study partner was a female confederate
whom participants were briefly introduced to immedi-
ately prior to the scan. Two confederates participated

over the course of the study, balanced between the two
groups. The second run of the task began with a prompt
to encourage increased empathizing with the study
partner; results for this task are not reported here to
limit the current analyses to group differences in base-
line responses to the observation of pain in another
person relative to the firsthand experience of pain. The
effect of the empathy prompt will be reported in a
separate article.

Each run consisted of 30 trials, with each trial made
up of a variable anticipation period, the administration
or omission of painful pressure stimulation, and a vari-
able rest period (Fig. 1b). Within each block, half of
the trials were safe trials, in which participants knew
that there would be no thumb pressure; the other half
of the trials were threat trials, in which participants
knew there was a potential for thumb pressure. Pres-
sure was omitted on one third of these potentially pain-
ful trials to keep the administration of pain probabilistic
rather than deterministic, which is important to elicit
fearful anticipation (Sylvers, Lilienfeld, & LaPrairie,
2011); this design resulted in 10 pain trials and 20 no-
pain trials within each block.

Throughout each trial, participants viewed continu-
ous live video feeds of either the confederate’s hand
(in the first and second runs) or their own hand (in the
third run). Audio cues via MRI-safe headphones indi-
cated the trial structure: A first sound indicated at the
start of each trial whether it was a safe trial or had the
potential for painful pressure, and a second sound after
the anticipation period indicated whether or not pres-
sure was currently being administered. Participants
were trained in the meaning of the various audio cues
prior to the scan, reminded of the cue meanings once
in the scanner, and quizzed on their comprehension
prior to the first run. Participants’ ability to hear the
audio cues and differentiate them from scanner noise
was confirmed during a localizer scan prior to the first
run.

Immediately prior to scanning, all participants were
guided through a calibration procedure to determine
the level of pressure to be administered during the scan;
this was done so subjective pain perceptions were
equivalent across participants. All participants were
calibrated to receive pain that was subjectively “slightly
intense,” which corresponded to a rating of 13.5 on the
21-point Gracely Box Scale (Gracely & Kwilosz, 1988),
which was selected to be moderately painful but not
harmful.

Following explanation of the Gracely Box Scale and
the calibration procedure, increasing pressure levels
were administered, beginning with 5 psi and increasing
by increments of 5 psi until participants gave a rating
of 13.5. Ascending pressure was continued until a rating
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Table 2. Analysis of Ratings of Intensity of Subjective Pain, Pain Unpleasantness,

and Fear

Variable and

condition Altruists (M) Controls (M) p d
Pain
Self 4.48 [4.00, 4.96]  4.30[3.81,4.79]  .603  0.15 [-0.40, 0.69]
Other 4.08 [3.66, 4.50] 3.93 [3.62, 4.24] .564 0.16 [-0.38, 0.71]
Unpleasantness
Self pain 3.60 [3.06, 4.14]  3.85[3.32,438] 527  0.18 [-0.37, 0.73]
Self no pain 1.16[1.01, 1.31]  1.27[1.01,153] 476  0.20 [-0.35, 0.75]
Other pain 3.84 [3.34, 4.34] 3.81 [3.20, 4.42] .936 0.02 [-0.53, 0.57]
Other no pain 1.44 [1.03, 1.85] 1.12 [0.99, 1.25] 137 0.42 [-0.13, 0.98]
Fear
Self threat 3.36 [2.76, 3.90] 3.65 [3.20, 4.10] 442 0.22 [-0.33, 0.77]
Self no threat 1.16 [1.01, 1.31] 1.15 [1.01, 1.29] 953 0.02 [-0.53, 0.57]
Other threat 3.48 [2.94, 4.02] 3.92 (3.47, 4.37] 222 0.35 [-0.21, 0.90]
Other no threat 1.12 [0.99, 1.25] 1.23 [1.03, 1.43] 367 0.25 [-0.30, 0.80]

Note: For means and effect sizes, 95% confidence intervals are given in brackets. This pattern of
results was the same when we controlled for objective pain level.

higher than 13.5 was given, then descending pressure
in increments of 5 psi was administered until partici-
pants gave a rating lower than 13.5. If different, the
lower of the two pressure levels rated 13.5 was selected
as the “slightly intense” pressure level. The pressure
selected during the calibration procedure was checked
in the scanner immediately prior to the run in which
participants received pressure themselves. Several par-
ticipants in each group (8 altruists and 10 controls),
x*(1) = 0.15, p = .703, ¢ = 0.05, rated the pressure
selected during calibration more highly than 13.5 once
in the scanner, resulting in a recalibration procedure in
which descending pressure in increments of 5 psi was
tested until participants gave a rating of 13.5. This reca-
librated lower pressure was then the pressure admin-
istered to the participant during the scan. Because
altruists selected significantly higher objective pressure
for their subjectively calibrated “slightly intense,” #(50) =
3.97, p < .001, d = 1.10, 95% confidence interval (CD
for the effect size = [0.51, 1.68] (Fig. S1b in the Supple-
mental Material available online), the final pressure
level was included as a covariate in analyses of expe-
rienced pain and threat. The confederate always
received 15 psi of pressure, which was selected to be
clearly visible over the live video feed and within the
range of slightly intense pain for both groups.
Subjective ratings of pain experience were collected
during and after scanning. Following each run, partici-
pants were asked to rate pain intensity on a scale from
1 (no pain) to 7 (extreme pain). For Run 1, this was
their perception of the study partner’s pain level,
whereas for Run 3 this was their rating of their own
pain experience. After the scan, participants filled out

a questionnaire in which they rated how fearful or
anxious their experience during the anticipation por-
tion of the task was and how unpleasant their experi-
ence during the pain portion of the task was, both on
a scale from 1 (not at alD) to 7 (extremely). They also
answered the same questions regarding the experience
of their study partner.

Importantly, despite significantly different objective
pressure stimulation levels selected as “slightly intense”
by altruists and controls (Fig. S1b), subjective experi-
ences of threat and pain were equivalent between the
two groups. There were no group differences in subjec-
tive ratings of threat or pain during or after the scan
for the participants’ firsthand experience or their per-
ception of the study partner’s experience (all ps > .05;
Table 2). Across all participants, cues indicating that
pain may follow were rated as more fear and anxiety
inducing than safety cues, #(50) = 12.55, p < .001, d =
2.38, supporting the interpretation that this anticipation
epoch induced fearful anticipation. Further, thumbnail
stimulation was rated as more unpleasant than the
omission of thumbnail stimulation, #(50) = 13.02, p <
.001, d = 2.41. Threat of pain, #(50) = 14.04, p < .001,
d = 2.64, and the experience of thumbnail stimulation,
1(50) = 12.02, p < .001, d = 2.22, were also rated nega-
tively for the study partner, relative to the safety trials
and omission of stimulation.

Participants also rated their perception of connected-
ness to others on the Inclusion of Other in the Self Scale
(Aron, Aron, & Smollan, 1992). Connectedness was
rated by selecting one of seven diagrams of overlapping
circles representing perceived connectedness to the
other individual, from 1 (separate and distant circles,
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Fig. 2. Empathic pain and threat conjunction and covariation results. Whole-brain statistical maps (a) show the conjunction of neural
activation for experienced and empathic pain and the conjunction of neural activation for experienced and empathic threat, sepa-
rately for each group (z = 0). A whole-brain clusterwise corrected threshold p < .05 at uncorrected voxelwise threshold of p = .001
was applied to the statistical maps. The scatterplot (b) shows the relationship between activations in the left Al region of interest
for experienced pain and empathic pain. Standardized residuals and lines of best fit are plotted, controlling for objective pain level.

Shading represents 95% confidence intervals.

representing the lowest degree of connectedness) to 7
(completely overlapping circles, representing the high-
est degree of connectedness). Relationships rated
included immediate family, extended family, friend,
acquaintance, stranger, and study partner from the
empathic-pain task. Data from 1 control participant were
missing for the experience questionnaire, and 1 altruist
did not complete the Inclusion of Other in the Self Scale.

All reported statistical tests were two-tailed. Correla-
tions between behavioral variables and neural activa-
tion in the Al regions of interest (ROIs) are reported in
Table S1 in the Supplemental Material. Only significant
correlations surviving correction for multiple compari-
sons via the Benjamini-Hochberg method of controlling
the false discovery rate (Q < .05) are reported here. For
additional details on neuroimaging acquisition and
analysis, see the Supplemental Material.

Results

First, whole-brain conjunction analyses were conducted
to compare activation for experienced and empathic
pain. Individuals who have engaged in costly altruism
for a stranger spontaneously exhibited greater self—other
conjunction in bilateral Al while observing an anony-
mous stranger’s pain; specifically, increased activation

in bilateral Al emerged during both experienced and
observed pain (corrected p < .05). Both altruists and
controls exhibited overlap in bilateral inferior parietal
cortex and right AI, but only altruists exhibited overlap
in left AI (Fig. 2a). In altruists only, conjunctions were
also observed in putamen, thalamus, dorsomedial pre-
frontal cortex, and middle cingulate cortex (Table S2 in
the Supplemental Material). A similar pattern was
observed for distinct epochs of experienced and
empathic threat, during which conjunction in bilateral
Al as well as dorsomedial prefrontal cortex was found
in altruists, whereas conjunction in controls was limited
to right Al, right caudate, and left inferior parietal lobule
(corrected p < .05; see Fig. 2a as well as Table S3 in the
Supplemental Material). Reinforcing that these group
differences reflect specifically empathic processes, dif-
ferences in self-other mapping across groups emerged
despite comparable activation for experienced pain and
threat across groups (see Fig. S1 and Tables S4 and S5
in the Supplemental Material). Examining activation lev-
els in AI ROIs for experienced and empathic pain and
threat, we found no group differences, even when con-
trolling for objective pain level (all ps > .05, ds < 0.48;
Fig. S2 in the Supplemental Material). There were also
no significant differences within any condition in whole-
brain group contrasts.
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Mean parameter estimates were extracted for ROIs
in bilateral Al to examine individual-level correspon-
dence in activation levels for experienced and empathic
pain and threat. Partial correlations controlling for
objective pain intensity confirmed group-level findings
for experienced pain in left Al. In altruists, activation
in left Al during firsthand pain experience was associ-
ated with activation in the identical region when
observing an anonymous stranger experiencing pain,
n22) = .57, 95% CI = [.22, .79], p = .004, whereas no
similar relationship was observed in controls, 17(24) =
-.15, 95% CI = [-.51, .25], p = .456 (Fig. 2b); these cor-
relations differed significantly in magnitude (z = 2.64,
p =.008). This effect was phenomenologically specific,
in that left AI activation during pain experience was
not associated with left AT activation for empathic threat
in altruists, H(22) = —.23, 95% CI = [-.58, .19], p = .286.
Neither altruists, #(22) = .19, 95% CI = [-.23, .55], p =
.380, nor controls, 1(24) = .22, 95% CI = [-.18, .50], p =
.291, exhibited self-other covariation in right AI. Paral-
lel partial correlations during threat were also exam-
ined. In this analysis, no self-other covariation was
observed in altruists’ left AI, 1(22) = .29, 95% CI = [-.13,
.62], p = .168, or right Al, n(22) = .01, 95% CI = [-.40,
41], p = .965. The same was true for controls in both
the left AI, n(24) = .02, 95% CI = [-.40, .37], p = .932,
and right Al, (24) = .30, 95% CI = [-.10, .62], p = .137.
Pain self-other conjunction and covariation results held
when repeated in two control analyses: when excluding
directed altruistic donors and when including education
and income levels as covariates. However, threat self-
other conjunction results are less robust.!

Given the insula’s theorized role as a hub of a neural
network critical in processing the salience of internal
and external stimuli (Bernhardt & Singer, 2012; Craig,
2009; Lamm & Singer, 2010; Menon & Uddin, 2010) and
the observed differences between altruists and controls
in self-other mapping in left AI for the neural process-
ing of pain and threat, group differences in functional
connectivity between a left Al seed and a priori ROIs
were examined. During both empathic pain and
empathic threat, altruists exhibited greater functional
connectivity than controls between left Al and left
midinsula (corrected p < .05; Table S6 in the Supple-
mental Material). During empathic threat, at a less strin-
gent voxelwise cluster-forming significance threshold
of .005, altruists also exhibited greater functional con-
nectivity between left Al and left amygdala. Repeating
the two sets of control analyses, in which functional
connectivity results were examined in a reduced sample
of altruists and with education and income covariates,
revealed mixed results.? Altruists’ greater functional
connectivity between left Al and left midinsula during

empathic pain persisted in the reduced sample but not
following the inclusion of demographic covariates. In
contrast, altruists’ greater functional connectivity
between the left Al and left midinsula and left amygdala
during empathic threat persisted with demographic
covariates but not in the reduced sample.

Altruists’ enhanced self-other neural conjunction for
a stranger’s distress may reflect increased subjective
valuation of the welfare of strangers (Vekaria, Brethel-
Haurwitz, Cardinale, Stoycos, & Marsh, 2017). Consis-
tent with this, altruists reported higher inclusion of
other in the self (a measure that corresponds to feelings
of connectedness) with the study partner, #(48) = 2.16,
p=.036,d=0.61,95% CI =[0.04, 1.18], and, at a trend
level, strangers in general, #(48) = 2.00, p = .051, d =
0.57, 95% CI = [0.00, 1.13]. Altruists’ and controls’
reported connectedness with objectively closer relation-
ships did not differ (all ps > .05, ds < 0.28; Fig. S3 in
the Supplemental Material). Inclusion of rated connect-
edness with the specific anonymous stranger experienc-
ing pain in this study as a covariate in whole-brain
self-other conjunction analysis of the threat condition
eliminated self-other conjunction in right Al in altruists.
By comparison, if rated connectedness with immediate
family was instead added as a covariate in this conjunc-
tion analysis, bilateral AI self—other conjunction for
threat in altruists was maintained. Feelings of connect-
edness with a stranger in distress may therefore par-
tially mediate altruists’ empathic responsiveness,
particularly during the experience of threat.

In light of ongoing debates about the value of empa-
thy in promoting concern and altruism (Bloom, 2017),
we investigated the relationship between self-reported
empathy and outcome variables. Despite altruists and
controls exhibiting objectively measurable differences
in empathic responding in this paradigm, they did not
differ in self-reported total or subscale general empathy,
including empathic concern (all ps > .05, ds < 0.44).
Altruists and controls also did not differ on any subscale
of self-reported empathy for pain (all ps > .05, ds <
0.48). In altruists only, both general empathic concern,
n22) = .60, 95% CI = [.26, .81], p = .002, and empathic
concern specifically for pain, 7(22) = .58, 95% CI = [.23,
.80], p = .003, were associated with ratings of connect-
edness with strangers. Neither measure of self-reported
empathic concern was associated with neural measures
of empathy in either group, as indexed by activation in
Al ROIs during empathic pain or threat, when control-
ling for multiple comparisons (Table S1). Thus—unlike
measures of empathy at the neural level—neither self-
report measure corresponded to real-world altruism,
reinforcing the need for caution when interpreting self-
report measures of empathy (Eisenberg & Fabes, 1990).
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Discussion

The present findings directly link objectively measured
empathy and altruism. Engagement in costly, nonrecip-
rocal altruism for a stranger corresponded to spontane-
ous recruitment of shared neural representations while
observing an anonymous stranger experiencing pain or
threat. When altruists observed a stranger, activation in
Al was more closely associated with activation during
firsthand experience, particularly for pain. According
to dominant models of empathy, shared representations
of other individuals’ distress, including pain and fear,
are key drivers of altruistic helping (Batson, 2010).
Extensive evidence highlights that empathic pain
reflects activation in affective components of the neural
pain matrix that are also active during personal experi-
ences of somatic pain, including bilateral AI (e.g.,
Corradi-Dell’Acqua, Hofstetter, & Vuilleumier, 2011;
Lamm et al., 2011). That both experienced and empathic
pain can be eliminated by placebo analgesia and rein-
stated using the opioid antagonist naltrexone supports
the idea that both experienced pain and empathic pain
rely on common neurochemical circuits (Ritgen et al.,
2015). The anterior portion of the insula in particular
is thought to be involved in representing subjective
unpleasantness (Craig, Chen, Bandy, & Reiman, 2000)
and in integrating somatic and interoceptive informa-
tion from middle and posterior insula (Craig, 2009).
This ideally situates AI for processing both firsthand
feelings and body states and similar states observed in
others (Lamm & Singer, 2010). Further, Al is hypothe-
sized to be critical for learning and predicting emo-
tional states in social settings (Singer, Critchley, &
Preuschoff, 2009) as a hub of a proposed salience net-
work (Bernhardt & Singer, 2012; Menon & Uddin, 2010).

This study benefited from close matching of the first-
hand experience of two distressing states—pain and
threat—and the identical experiences observed in a
stranger, allowing for a specific direct test of self-other
mapping. During experienced and empathic conditions,
participants viewed nearly identical live video feeds of
their own and a confederate’s right hand during painful
pressure stimulation and anticipation of painful stimula-
tion, within the same paradigm. Other studies have
relied on secondary cues (e.g., Corradi-Dell’Acqua,
Tusche, Vuilleumier, & Singer, 2016) to indicate whether
pain was occurring or on photos of painful situations
distinct from the participant’s experience (e.g., Krishnan
et al., 2016; Lamm, Meltzoff, & Decety, 2010; Lamm,
Nusbaum, Meltzoff, & Decety, 2007). While the current
study aimed to match subjective experiences across
groups, future investigations of empathic simulation in
highly altruistic individuals could explore the effects of
experienced and observed pain experiences of varying

intensities, which could help to determine whether the
patterns observed here are specific to pain, which has
been the focus of recent debate (Corradi-Dell’Acqua
et al., 2016; Krishnan et al., 2016; Zaki et al., 2016).
Functional activation findings for empathic pain were
robust to control analyses. Less robust findings when
examining empathic threat and in analyses of functional
connectivity possibly reflect the reduced statistical
power of the control analyses but highlight the need
for further study. It will be particularly important to
assess the generalizability of neural simulation across
distress-related emotions and how the insula functions
within a neural network to encode empathic distress.

Altruistic kidney donors were selected as a sample
of extraordinary altruists meeting the most stringent
definitions of human altruism. This allowed us to exam-
ine how altruism unconfounded by social desirability
or norm adherence biases may be related to neural
instantiations of empathy, and generalizability to indi-
viduals who engage in more normative and less costly
prosocial behaviors may be limited (Brethel-Haurwitz,
Stoycos, Cardinale, Huebner, & Marsh, 2016). Whether
enhanced empathic neural simulation would also be
observed in other highly altruistic individuals (e.g.,
heroic rescuers) or the extent to which empathic neural
simulation can be predicted by less extreme prosocial
behaviors will be an important area for future research.

The present findings are bolstered by the use of
multiple approaches to examining self-other neural
mapping, including conjunction, covariation, and con-
nectivity analyses of functional activation. While both
empathic pain and threat elicited bilateral self-other
overlap in Al in altruists, individual-level covariation
was specific to left Al during empathic pain. Further
evidence for the specific role Al may play during
empathic threat and pain was highlighted by functional
connectivity analyses, in which functional connections
between this region and other areas of the insula, and
perhaps the amygdala, may support altruists’ enhanced
empathic response to distress in strangers. This suggest
that AI functions as part of an affective salience network
(Bernhardt & Singer, 2012; Menon & Uddin, 2010) that
may support altruists’ enhanced responsiveness to other
people’s distress (Marsh et al., 2014). That altruists,
relative to controls, exhibit enhanced self-other map-
ping for strangers’ distress—ordinarily observed only
in response to close others—supports the hypothesis
that empathic biases against distant or dissimilar others
can be overcome and that, ultimately, empathy can
support the provision of costly altruism.
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Notes

1. The functional activation analyses and covariation analyses
were repeated with the exclusion of 6 altruistic kidney donors
who had donated to a specific stranger. In this reduced sample,
altruists had significant bilateral self-other conjunction in Al
for pain and a significant covariation between self and other
pain activation in left AI, 1(16) = .49, 95% CI = [.03, .78], p =
.038. However, in this reduced sample, altruists had significant
self—other conjunction only in left AI (not in right AI) for threat.
Functional activation analyses and covariation analyses were
also repeated with education level and household income as
binary covariates of no interest, given trends toward signifi-
cant group differences in these demographic variables. In this

analysis controlling for education and income, altruists still had
significant bilateral self-other conjunction in Al for pain and a
significant covariation between self and other pain activation in
left AL, 7120) = .59, 95% CI =[.22, .81], p = .004. In controls, there
was still only significant self-other conjunction for pain in right
Al and no pain self-other covariation in left AI, 1(21) = —.16,
95% CI = [-.54, .27], p = .477. However, with these demographic
covariates, altruists no longer had self-other threat conjunction
in either AI, whereas controls had a small but significant con-
junction in right AT (2 voxels).

2. The functional connectivity analyses were also repeated with
the reduced altruist sample and the two demographic covari-
ates (education and income). With the reduced sample of
altruists, there was still a significant group difference in which
altruists had greater functional connectivity during empathic
pain between left Al and left midinsula, relative to controls.
However, in this reduced sample, there was no group differ-
ence in functional connectivity with left AI during empathic
threat, even at a less stringent voxelwise significance threshold
of .005. With demographic covariates, there were no group dif-
ferences in functional connectivity with left Al for empathic
pain, except for a significant cluster in left midinsula at the less
stringent voxelwise threshold of .005. For empathic threat, altru-
ists had significantly greater functional connectivity between
left Al and left midinsula and between left Al and left amygdala,
relative to controls, with education and income as covariates.
At a less stringent voxelwise threshold of .005, there was also
significantly greater functional connectivity with right amygdala
for altruists during empathic threat, controlling for demographic
covariates.
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