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Abstract
Sex differences in empathy for pain have been repeatedly observed. However, it is unclear whether this is due to sex differ-
ences in “bottom-up” somatomotor representations of others’ pain (self-other resonance) or to “top-down” prefrontal control 
of such responses. Here, we provide data from 70 subjects suggesting that sex differences in empathy for pain lie primarily in 
pre-reflective, bottom-up resonance mechanisms. Subjects viewed a right hand pierced by a needle during fMRI. They also 
filled out a self-report measure of trait empathy, the Interpersonal Reactivity Index. A permutation-based analysis (FSL’s 
Randomise) found that females showed greater signal in a cluster in primary somatomotor cortex that includes the motor 
hand area. No significant differences were observed in other task-implicated areas. An examination of condition-specific 
parameter estimates found that this difference was due to reduced signal in this cluster in males. No significant differences in 
resting connectivity or within-task (generalized psychophysiological interaction analysis or gPPI) dynamic connectivity of 
this region with prefrontal areas were observed. While female subjects scored higher on affective subscales of the IRI, there 
were no sex differences in Perspective-Taking, the primary index of cognitive, top-down empathy processes. These find-
ings suggest that localized internal somatomotor representations of others’ pain, a functional index of bottom-up resonance 
processes, are stronger in female subjects.
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Introduction

There is mounting evidence that sex differences in nor-
mal and pathological brain functions are widespread and 
important, yet they remain poorly understood (McCarthy 
et al. 2012). This is particularly relevant in the domain 
of empathy (Christov-Moore et al. 2014). Empathy is a 
cornerstone of prosocial behavior in social animals. It 
allows us to experience the internal states of others and 
informs our conscious inferences about others’ thoughts 

and intentions. An important, reflexive subcomponent 
of empathy is self-other resonance (Christov-Moore and 
Iacoboni 2016a) {henceforth “resonance”}, our ability 
to process the affective, somatosensory and behavioral 
states of others almost as if they were our own. This abil-
ity, known also as experience sharing (Zaki and Ochsner 
2012) or mirroring (Iacoboni 2009), has been linked to 
self-reported trait empathy (Avenanti et al. 2009; Pfeifer 
et al. 2008; Singer et al. 2004), moral decision-making 
(Christov-Moore et al. 2017) as well as prosocial behav-
ior in daily life (Morelli et al. 2014), and costly altruism 
(Christov-Moore and Iacoboni 2016a). Alterations in reso-
nance have been associated with psychopathy (Nicholls 
and Petrila 2005), schizophrenia (Häfner 2003) and autism 
spectrum disorder (ASD) (Dapretto et al. 2005; Halladay 
et al. 2015). Interventions aimed at behaviors associated 
with resonance, such as imitation, have been shown to 
improve social cognition in ASD (Ingersoll and Schreib-
man 2006). This suggests that resonance processes are a 
key factor in empathic functioning, important for social 
competence and relevant to mental health.
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In the case of pain, observing the pain of others (or 
being made aware that another is in pain) has been found 
to activate systems for affective and somatosensory pro-
cessing typically associated with experiencing pain (Ave-
nanti et al. 2009; Christov-Moore and Iacoboni 2016a; 
Hein et al. 2010; Lamm et al. 2011). The nature and extent 
of this vicarious activation depends greatly on the proper-
ties of the stimuli and the experimental conditions (Lamm 
et al. 2011), as well as the context of the exposure.

Indeed, although resonance processes are thought to 
be pre-reflective, they are modulated by contextual fac-
tors such as social distance, status, group affiliation and 
perceived trustworthiness (Cheng et al. 2010; Gu and Han 
2007; Guo et al. 2012; Hein and Singer 2008; Lamm et al. 
2007; Loggia et al. 2008; Singer et al. 2006). This modu-
lation seems (a) implicit, given the pre-reflective nature 
of resonance (Christov-Moore and Iacoboni 2016a), (b) 
inhibitory (Christov-Moore et al. 2016b), and (c) persis-
tent: prefrontal cortex lesions associated with compul-
sive imitative behavior suggest that some mechanisms 
to control resonance are always at play, unless damaged 
(Lhermitte 1983; De Renzi et al. 1996). This sensitivity to 
context is likely the result of top-down control processes 
carried out by control systems that include medial and 
dorsolateral prefrontal cortex (MPFC and DLPFC) and 
perhaps the temporoparietal junction (TPJ) (Banks et al. 
2007; Brighina et al. 2011; Cho and Strafella 2009; Cross 
et al. 2013; Decety and Lamm 2007; Miller and Cohen 
2001; Spengler et al. 2009, 2010; Tassy et al. 2012; Vol-
man et al. 2016; Winecoff et al. 2013). In line with these 
findings, we have recently proposed that resonance and 
control processes may exist in dynamic interaction during 
daily life (Christov-Moore and Iacoboni 2016a; Christov-
Moore et al. 2017).

There is a great deal of evidence for sex differences in 
empathy and associated brain function (Christov-Moore 
et al. 2014). Females are frequently more empathic towards 
the pain and distress of others than males (Christov-Moore 
et al. 2014). Females also display greater concern and sym-
pathetic behavior towards others (Eisenberg and Lennon 
1993; Mesch et al. 2011) starting from a young age. Females 
are more averse to harming others in moral dilemmas, even 
in cases where harming another may save lives. This is 
referred to as an increased disposition towards deontological 
(avoiding harm) over utilitarian (maximize outcomes) deci-
sions (Friesdorf et al. 2015). This sex disparity in empathy 
for the pain of others may be due to a more prominent evo-
lutionary role in nurturing behavior (Christov-Moore et al. 
2014). Furthermore, recent studies in our lab and others have 
shown that prosocial behavior and deontological moral rea-
soning are predicted by somatomotor resonance with others’ 
pain (Christov-Moore and Iacoboni 2016a; Christov-Moore 
et al. 2017; Morelli et al. 2014).

Taken together, these findings may imply that females’ 
greater concern for others may partly stem from greater 
somatomotor resonance: indeed, females consistently score 
higher on measures of trait empathy that rate one’s empathic 
responses to others’ distress (Christov-Moore et al. 2014). 
Females show greater vicarious responses to the sight or 
knowledge of another person in pain or distress (Christov-
Moore et al. 2014; Yang et al. 2009), and event-related 
potential (ERP) studies have found that females show greater 
amplitudes in somatosensory processing-related ERP wave-
forms in response to humans’ suffering (Groen et al. 2013). 
This increased resonance generalizes beyond responses to 
pain. Indeed, MEG and EEG demonstrate oscillatory activity 
in the 10–20-Hz range at rest in somatomotor regions that 
desynchronizes during both action performance and obser-
vation (the mu rhythm) (Muthukumaraswamy and Johnson 
2004). Two studies have reported increased mu suppression 
in female subjects (Cheng et al. 2008; Yang et al. 2009). 
Females also exhibit greater facial mimicry when viewing 
emotional facial expressions (Sonnby-Borgström 2002).

If resonance is important for empathy but requires a con-
tinuous interplay with mechanisms of control, sex differ-
ences in empathy may be due to differences in resonance, 
its control, or both. Here, we use brain imaging in a large 
subject cohort to attempt to resolve this issue. We studied 
with functional MRI 70 healthy subjects (36 females) while 
they observed a hand receiving painful (Pain condition) and 
non-painful (Touch condition, as a control) stimuli (Avenanti 
et al. 2009), and later self-reported their own trait empathy 
(the Interpersonal Reactivity Index or IRI) (Davis 1983). We 
examined sex differences in both brain activity and connec-
tivity, using a permutation-based non-parametric approach 
(Winkler et al. 2014), which has been shown to have better 
validity than parametric methods for clusterwise inference 
(Eklund et al. 2016). Indeed, assuming continuous interac-
tions between resonance and control implies that greater 
resonance may result not only from ‘primary’ greater activ-
ity in resonance but also from reduced connectivity with 
control systems, so that control mechanisms are less effec-
tive on resonance activity. This experiment aims to resolve 
this ambiguity.

Methods

Subjects

Subjects were 70 ethnically diverse adults aged 18–35 (36 
female, 34 male). All subjects were recruited from the local 
community through fliers. Eligibility criteria included: right 
handed, no prior or concurrent diagnosis of any neurologi-
cal (e.g., epilepsy, Tourette’s syndrome), psychiatric (e.g., 
schizophrenia), or developmental (e.g., ADHD; dyslexia) 
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disorders, no history of drug or alcohol abuse, all verified 
via phone screening. No neuropsychological measures were 
collected. We did not collect data on educational level or IQ. 
These subjects’ task-based and structural imaging data have 
been included in methods and analyses reported in previous 
papers (Christov-Moore and Iacoboni 2016a, b; Christov-
Moore et al. 2017). These prior studies examined correla-
tions between needle test activation with an external meas-
ure of prosociality in one sample (n = 20), examined effects 
of neuromodulation on prosociality (n = 58), and examined 
correlations between needle test activation with moral deci-
sion-making (n = 19), respectively. None of these, however, 
examined sex differences in activation as is being done here.

Trait empathy assessment

Interpersonal Reactivity Index (IRI) The IRI (Davis 1983) 
is a widely used (Avenanti et al. 2009; Pfeifer et al. 2008) 
questionnaire designed to measure both ‘‘cognitive’’ and 
‘‘emotional’’ components of empathy. It consists of 24 state-
ments that the subject rates on a 5-point scale ranging from 
0 (Does not describe me very well) to 5 (Describes me very 
well). The statements are calculated to test four theorized 
subdimensions of empathy:

Fantasizing Scale (FS) the tendency to take the perspec-
tive of fictional characters.

Empathic concern (EC) sympathetic reactions to the dis-
tress of others.

Perspective-Taking (PT) the tendency to take other’s 
perspective.

Personal distress (PD) aversive reactions to the distress 
of others.

Subjects filled out the IRI at the end of each experimental 
session in a closed room, unobserved. The IRI was applied 
at this time point (following the scans) to ensure that the 
questionnaire did not prime empathic processes during scan-
ning. While we cannot exclude that the stimuli shown in the 
scanning sessions may have influenced the IRI scores, this 
is a less likely possibility, since IRI is considered a fairly 
stable measure of self-reported dispositional empathy: no 
studies to our knowledge have found an effect of interven-
tion on IRI scores, and a large (103 males and 102 females) 
study contrasting children and adolescents found that IRI 
subscale scores changed slightly throughout adolescence in 
accordance with well-documented developmental changes 
(increases in empathic concern and Perspective-Taking, and 
decreases in personal distress—Davis and Franzoi 1991). 
Their scores were summed for each subdimension (measured 
by six items) to make 4 scores per subject. Cronbach’s alpha, 
a measure of reliability, was assessed for the IRI using SPSS 
(FS = 0.752, EC = 0.792, PT = 0.816, PD = 0.839).

Functional MRI tasks

Needle test (NT) The stimuli were 20 full-color videos previ-
ously used by Bufalari et al. (2007) and used with permis-
sion by their research group, depicting an apparently male 
human hand being pierced by a hypodermic syringe (Pain 
condition) and touched by a wooden q-tip (Touch condi-
tion) in varying locations, as well as a static hand without 
stimulation (Hand condition) for use as a control. The run 
consisted of 12 trial blocks lasting 26 s each, plus 8 alternat-
ing rest blocks that lasted either 5 s or 10 s. Each trial block 
consisted of four videos of a single condition (Pain, Touch, 
Hand), approximately 5 s in duration each, with an inter-
stimulus interval of 400 ms. Subjects were simply instructed 
to watch the video clips. They were assured that the hand in 
the video clip was a human hand and not a model, but they 
were not instructed to empathize with the model nor were 
there any audiovisual cues to indicate pain in the model.

Three different block orders were used, and controlled 
to ensure an approximately equal proportion of male and 
female subjects were exposed to each block order. All tasks 
were coded within Presentation (created by Neurobehavioral 
Systems).

MR image acquisition

All neuroimaging data were acquired via a series of MRI 
scans conducted in a Siemens Trio 3T scanner housed in 
either the Staglin Center for Cognitive Neuroscience (n = 18) 
or the adjacent Ahmanson-Lovelace Brain Mapping Center 
(n = 52) at UCLA, for a total of 70 imaging datasets (1 
per subject). Gender makeup did not differ meaningfully 
between scanners (SCCN = 9 females/9 males|ALBMC = 27 
females/25 males). Scanner was not included as a covari-
ate in the original analysis reported here, but a follow-up 
analysis including scanner as covariate showed identi-
cal sex differences in activation. Functional images were 
collected over 36 axial slices covering the whole cerebral 
volume using an echo planar T2*-weighted gradient echo 
sequence (TR = 2500  ms; TE = 25  ms; flip angle = 90 
degrees; matrix size = 64 × 64; FOV 20 cm; in-plane reso-
lution = 3 mm × 3 mm; slice thickness = 3 mm/1 mm gap). 
Resting-state images were only collected in the 50 subjects 
acquired at the Brain Mapping Center. A high-resolution EPI 
structural volume was also acquired coplanar with the func-
tional images (TR = 2000 ms, TE = 33 ms, 128 × 128 matrix 
size, FOV = 256 cm; in-plane resolution = 3 mm × 3 mm; 
slice thickness = 3 mm/1 mm gap). Finally, a high-reso-
lution T1-weighted volume was acquired in each subject 
(TR = 2300 ms, TE = 25 ms, TI = 100 ms, flip angle = 8°, 
matrix size = 192 × 192, FOV = 256 cm, 160 slices), with 
approximately 1-mm isometric voxels (1.3 × 1.3 × 1.0 mm).
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Functional MRI analysis

Analyses were performed in FEAT (FMRI Expert Analy-
sis Tool), part of FSL (FMRIB’s Software Library, http://
www.fmrib​.ox.ac.uk/fsl). After motion correction using 
MCFLIRT, task-based fMRI data were temporally high-pass 
filtered with a cutoff period of 70 s, approximately equal 
to one rest–task–rest–task period. Resting fMRI data were 
high-pass filtered with a cutoff period of 100 s. All data were 
smoothed using a 6-mm Gaussian FHWM algorithm in three 
dimensions. To remove non-neuronal sources of coherent 
oscillation in the relevant frequency band (0.01–0.1 Hz), 
all preprocessed data were subjected to probabilistic inde-
pendent component analysis as implemented in MELODIC 
(Multivariate Exploratory Linear Decomposition into Inde-
pendent Components) Version 3.10, part of FSL (FMRIB’s 
Software Library, http://www.fmrib​.ox.ac.uk/fsl). Noise 
components corresponding to head motion, scanner noise, 
and cardiac/respiratory signals were identified by observ-
ing their localization, time series and spectral properties, 
and removed using FSL’s regfilt command. Each subjects’ 
functional data were coregistered to standard space (MNI 
152 template) via registration of an averaged functional 
image to the high-resolution T1-weighted volume using a 
six degree-of-freedom linear registration and of the high-
resolution T1-weighted volume to the MNI 152 template via 
nonlinear registration, implemented in FNIRT.

Task fMRI analysis

The BOLD response was modeled using an explanatory 
variable (EV) consisting of a boxcar function describing 
the onset and duration of each relevant experimental con-
dition (task conditions, rest, instruction screen) convolved 
with a double-gamma HRF to produce an expected BOLD 
response. The temporal derivative of each task EV was also 
included in the model. Functional data were then fitted to 
the model using FSL’s implementation of the general linear 
model. A second-level analysis was carried out to examine 
significant differences between male and female subjects. 
Resultant images were analyzed at the group level with 
Randomise (Winkler et al. 2014) using 50,000 permutations 
of group affiliation (male or female) and automatic outlier 
deweighting and then cluster-corrected for multiple compari-
sons using Gaussian Random Field theory at a z-threshold 
of 2.3 and p value cutoff of 0.05.

Resting and dynamic connectivity

To test whether functional interactions between somatomo-
tor areas and top-down control regions exist and are corre-
lated with sex, we performed a test of generalized psycho-
physiological interactions (gPPI) (Mclaren et al. 2012) and 

resting-state functional connectivity on regions of interest 
(ROI’s) where significant sex differences in activation were 
observed (three ROI’s in somatomotor cortex) as well as 
three areas of a priori relevance for pain observation that 
were activated by the task: left dorsolateral prefrontal cortex 
(DLPFC), left anterior insula (AI) and anterior cingulate 
cortex (ACC).

To create the ROI’s, time series were extracted from 
6-mm-diameter seeds created in standard (MNI 152) space 
centered on the voxels showing highest differences in activa-
tion between males and females: left Hand S1 (x = − 38 mm, 
y = − 26 mm, z = 58 mm), left superior M1 (x = − 10 mm, 
y = − 16 mm, z = 72 mm) and right superior S1 (x = 14 mm, 
y = − 36 mm, z = 74 mm), respectively. Time series were 
similarly extracted from left DLPFC (x  =  − 44  mm, 
y = 28 mm, z = 32 mm), left AI (x = − 30 mm, y = 20 mm, 
z = − 2 mm) and ACC (x = 0 mm, y = 6 mm, z = 30 mm), 
using peaks of activation for the task.

To assess dynamic, task-related changes in connectivity, 
we modeled activity using the following EV’s: Psychologi-
cal, consisting of a boxcar functions modeling the onset and 
duration of each task condition, convolved with a canonical 
double-gamma HRF; physiological, consisting of the ROI’s 
time series (one per analysis); and a generalized psychophys-
iological interaction (gPPI) for each task condition (Pain, 
Touch/Control or Hand), modeling the interaction between 
the expected BOLD response to each condition and the time 
series of interest. These separate gPPI estimates were then 
contrasted at the group level in a second-level analysis. This 
allowed us to test for voxels that display significant changes 
in correlation with the time series of the ROI for the task 
contrast of interest (Pain > Touch).

To assess resting connectivity, a single EV was created 
for each ROI using the average time series from that ROI 
(extracted using FSL’s fslmeants command). We regressed 
this time series against the whole brain.

First level analyses were carried out using FSL’s imple-
mentation of the general linear model (FEAT). Second-
level analyses were carried out to examine sex differences 
in gPPI and resting connectivity parameter estimates, with 
Randomise (Winkler et al. 2014) using 50,000 permutations 
of group label and automatic outlier deweighting. Resultant 
images were cluster corrected at a z-threshold of 2.3 and p 
value cutoff of 0.05.

Results

IRI

To assess sex differences in self-reported empathy, we used 
repeated-measures ANOVA with sex as between-subjects 
effect and empathy as repeated measure. We found an effect 

http://www.fmrib.ox.ac.uk/fsl
http://www.fmrib.ox.ac.uk/fsl
http://www.fmrib.ox.ac.uk/fsl
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of sex on empathy (F = 12.586, p = 0.001, η2 = 0.099). 
After performing tests of normality for scores on each sub-
scale, we performed corresponding two-tailed parametric 
(unpaired t-tests, PD and FS subscales) and non-paramet-
ric (Mann–Whitney U tests, EC and PT subscales) analy-
ses comparing individual subscales scores between sexes 
(Table 1).

Females scored higher in Empathic Concern (Z = 2.065, 
p = 0.039, d = 0.425), Personal Distress (t = 3.148, p = 0.002, 
d = 0.713) and Fantasizing (t = 2.330, p = 0.022, d = 0.527) 
There was no significant sex difference on perspective-tak-
ing (Z = 1.129, p = 0.259, d = 0.134).

We also looked at correlations between the Nee-
dle > Touch parameter estimates for the three main loci of 
sex differences (left hand S1, right superior S1, left M1) 
and the IRI subscales across the total sample, and in the 
male and female subjects alone. The correlations across all 
subjects were nonsignificant. However, in the female sam-
ple alone (but not the male sample), there were significant 
correlations between the Perspective-Taking subscale and 
the Needle > Touch parameter estimate for the right supe-
rior S1 (R = 0.361, p = 0.031) and the left hand area of S1 
(R = 0.358, p = 0.032), though these did not survive correc-
tion for multiple comparisons.

Brain imaging

We contrasted activation while subjects were observing a 
hand receiving a painful stimulation from a hypodermic 
syringe, with non-painful tactile stimulation from a q-tip, to 
isolate variance pertinent to the vicarious processing of pain. 
Consistent with prior studies on empathy for pain (Lamm 
et al. 2011), subjects activated two broad clusters (cluster 
1: 50,188 voxels, p = 0.00052, cluster 2: 34,328 voxels, 
p = 0.00146) of areas including bilateral amygdala, thala-
mus and insula, as well as lateral orbitofrontal, dorsolateral 
prefrontal cortex, premotor/motor cortex, somatosensory 
cortex and dorsal anterior cingulate (Fig. 1, Supplementary 
Table 1). When analyzed separately (Fig. 1; Table 2), males 

activated a cluster of areas encompassing visual cortex and 
parietal areas (40,043 voxels, p = 0.0062), while females 
activated a cluster that additionally recruited dorsolateral 
prefrontal cortex, dorsal anterior cingulate, motor cortex, 
premotor cortex, insula, thalamus and left amygdala (55,869 
voxels, p = 0.0034).

U p o n  c o m p a r i s o n ,  t h e  c o n t r a s t  N e e -
dle > Touch × Female > Males showed significantly 
increased activity in a cluster encompassing left M1 
and bilateral S1 (Fig.  2; Table  3). The contrast Nee-
dle > Touch × Males > Females did not show any areas of 
significantly higher signal for males.

We additionally performed a post hoc examination of 
parameter estimates for each condition in the area of inter-
est, and found that the Needle > Touch sex differences have 
the origin in higher signal reduction in the male subjects for 
the Needle vs. Touch condition (Fig. 3).

To ascertain whether these results were due to differences 
in somatomotor resonance or interactions between resonance 
and putative control areas, we examined the functional con-
nectivity of three ROI’s highlighted by the activation con-
trast (left M1, left S1 and right S1) and a priori ROI’s (left 
DLPFC, left AI) using a generalized psychophysiological 
interaction analysis (gPPI) (Mclaren et al. 2012). Broadly 
speaking, we sought to examine whether the observed dif-
ferences in activation were due to the influence of other 
regions. We did not find evidence of sex differences in 
dynamic changes in connectivity for the task contrast of 
interest in any of these seed regions.

Last, we sought to examine whether males showed evi-
dence for greater resting connectivity between putative high-
lighted control areas and somatomotor areas implicated here 
in sex differences. We used the same six seed ROI’s used in 
the gPPI analyses. These analyses failed to find significant 
connectivity differences between males and females.

Discussion

When observing a human hand receiving painful stimuli, 
females demonstrated higher activity in central, primary 
somatomotor areas relative to males, consistent with previ-
ous studies revealing sex differences in mu suppression in 
central somatomotor areas (Cheng et al. 2008; Yang et al. 
2009). These findings do seem to support the notion that 
females have increased bottom-up resonance with the pain of 
others. However, the picture is complicated by the parameter 
estimates in each condition underlying the contrast. Males 
showed reduced signal in response to the needle condition 
than female subjects. This could perhaps be interpreted as 
greater suppression of resonance in the male subjects. How-
ever, the lack of significant connectivity differences in this 
study seem to rule out that the effects we are seeing here are 

Table 1   Means (with 95% confidence intervals) and standard devia-
tions for each IRI subscale by sex

Females scored higher on FS (fantasizing), EC (empathic concern) 
and personal distress (PD), but not on PT (Perspective-Taking)

Male Female

x̄ (95% CI) 𝜎
x̄

x̄ (95% CI) 𝜎
x̄

Means and standard deviations for each IRI subscale by sex
 FS 18.95 (17.32, 20.58) 4.96 21.55 (19.98, 23.12) 4.9
 EC 22.26 (20.85, 23.67) 4.29 24.2 (22.65, 25.74) 4.82
 PT 21.08 (19.5, 22.66) 4.8 20.42 (18.82, 22.02) 5.01
 PD 11.45 (9.69, 13.21) 5.35 15.3 (13.56, 17.04) 5.45
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due to reduced efficacy of top-down control mechanisms on 
bottom-up resonance in females. We think, however, that in 
interpreting these findings, it may be better to take a more 
nuanced stance.

It should be noted that the stimuli we used in this study 
have been used in transcranial magnetic stimulation (TMS) 
studies of motor excitability, demonstrating a modulatory 
effect on motor cortex excitability by the perception of see-
ing someone else in pain (Avenanti et al. 2005). Motor cor-
tex excitability is a pre-reflective parameter that has been 
shown repeatedly to track stimulus properties in a bottom-up 
fashion (Aziz-Zadeh et al. 2004; Fadiga et al. 1995; Gangi-
tano et al. 2001). The anatomical location of the sex differ-
ences we observed in BOLD fMRI fits well with the TMS 
motor excitability studies, thus reinforcing the notion that 
what we are seeing here is indeed a sex difference in bottom-
up processing.

However, even ‘motor resonance’ (as often the stimulus-
driven modulation of motor excitability is called when the 

stimulus involves actions) can be modulated by top-down 
control mechanisms (Cross et al. 2013). Recent studies all 
point to continuous interactions between bottom-up somato-
motor representations of harm to others and top-down con-
trol mechanisms supporting deliberate prosocial decision-
making. Indeed, we have recently reported that (1) brain 
activity while watching pain inflicted to others predicts 
generosity in a costly altruism game (Christov-Moore and 
Iacoboni 2016a), (2) this predictive relationship is causal, 
not simply correlational because brain perturbation TMS 
studies targeting prefrontal areas inversely predicting costly 
altruism increase generosity (Christov-Moore et al. 2016b), 
and (3) brain activity while watching pain inflicted to others 
also predicts deontological decisions in hypothetical moral 
dilemmas (Christov-Moore et al. 2017).

The tight relationships between the pre-reflective 
responses to seeing someone in pain (a bottom-up process) 
and deliberate prosocial decision-making (a top-down pro-
cess) these studies suggest make it difficult to conceive 

Fig. 1   Activation for the con-
trast Pain > Touch overall and 
by sex. Heat maps correspond 
to Z-scores
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strong individual differences (sex differences, in this case) 
in one processing stream (bottom-up, in this case) and 
no differences whatsoever in the other processing stream 
(top-down). Hence, while this study may suggest that 
the most prominent sex differences in empathy for pain 
are related to relatively greater bottom-up somatomotor 

representations of harm to others in females, sex differ-
ences due to interactions between bottom-up and top-down 
mechanisms of empathy may require further investigations 
and perhaps a more sophisticated theoretical framework 
than the bottom-up/top-down dichotomous framework.

In considering potential other factors driving these 
findings, it is pertinent to consider effects of similarity 
with the observed hand, which is seemingly male and light 
skinned. However, two facts seem to go against this direc-
tion: First, regarding the hand’s color, the male and female 
groups had similarly low proportions of dark-skinned 
(Indian and Black) subjects (5/37 females and 3/35 males). 
Second, if what we are observing were simply a difference 
in resonance for a similar vs. dissimilarly gendered target, 
we would expect an opposite effect, i.e., greater resonance 
in the male subjects.

Furthermore, effects along this interpretation presuppose 
contextual modulation—most likely top-down in nature, 
which again is unsupported by our connectivity analyses.

However, this may be due to the conservative nature 
of permutation-based analyses. Or it may reflect more 

Table 2   Local maxima of activation in males and females for the con-
trast Needle > Touch

Standard Space (MNI) Coordinates are given for local maxima

Area Coordinates (mm) Z

x y z

Males
 L cerebellum − 34 − 76 − 24 4.11
 R cerebellum 6 − 78 − 20 3.94
 L occipital fusiform cortex − 34 − 66 − 12 4.11
 R occipital fusiform cortex 36 − 66 − 8 4.11
 L occipital pole − 38 − 88 18 4.11
 R occipital pole 34 − 100 − 4 3.85
 L postcentral gyrus − 62 − 22 28 4.11
 R postcentral gyrus 60 − 22 28 4.11
 L superior parietal lobule − 30 − 56 54 3.63
 R superior parietal lobule 38 − 46 54 3.94
 L supramarginal gyrus − 58 − 24 28 4.11
 R supramarginal gyrus 60 − 22 28 4.11

Females
 Anterior cingulate 0 − 2 28 2.21
 L amygdala − 22 − 4 − 16 2.11
 L anterior insula − 30 16 6 2.7
 L inferior frontal gyrus, pars opercu-

laris
− 52 8 16 3.94

 R inferior frontal gyrus, pars opercu-
laris

56 10 16 3.42

 L insula − 42 − 2 2 3.57
 R insula 42 0 2 2.72
 L lateral occipital cortex − 48 − 74 4 4.11
 R lateral occipital cortex 44 − 78 4 4.11
 L occipital pole − 30 − 90 18 3.85
 R occipital pole 38 − 88 4 4.11
 L postcentral gyrus − 60 − 20 28 3.95
 R postcentral gyrus 60 − 20 32 4.11
 L precentral gyrus − 54 8 28 4.11
 R precentral gyrus 56 8 32 3.86
 R precentral gyrus 34 − 6 58 3.63
 L putamen − 24 − 2 6 2.64
 R putamen 22 0 6 2.99
 R superior frontal gyrus 6 14 62 3.85
 L supramarginal gyrus − 60 − 26 36 4.11
 R supramarginal gyrus 58 − 22 38 4.11
 L thalamus − 14 − 26 12 2.51
 R thalamus 20 − 28 0 3.19

Fig. 2   Sex Differences for the contrast Pain > Touch. Heat maps cor-
respond to Z-scores

Table 3   Local maxima of greater activation in females for the con-
trast Pain > Touch

Standard Space (MNI) Coordinates are given for local maxima

Area Coordinates (mm) Z

x y z

R postcentral gyrus 14 − 36 74 3.38
L postcentral gyrus − 40 − 28 60 3.84
L postcentral gyrus − 36 − 26 46 3.94
L precentral gyrus − 10 − 16 72 3.57
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complex mechanisms of control than we are able to pick 
up with this design and/or technology (fMRI). While we 
provide connectivity-based null results supporting senso-
rimotor resonance as a locus of sex differences in empathy 
for pain, these are exclusively based on correlations between 

single functionally defined seeds and the rest of the brain 
(as opposed to between multiple a priori seeds spanning the 
brain). Elucidating this issue may require more multivariate 
approaches. Ongoing studies on this subject in our group 
are incorporating whole-brain network-based unsupervised 

Fig. 3   Violin plots of parameter estimates for areas of sex difference for the contrast Pain > Touch
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analyses of resting-state data to elucidate the sex differences 
in activation and connectivity we have observed here as well 
as their relation to empathy (Christov-Moore et al., in prepa-
ration). Future studies should apply similar approaches to 
task data like that reported here.

We cannot exclude the possibility that the scanner task 
may have had an effect on the IRI assessment, as this was 
collected at the end of the experimental session. However, 
we concluded it a far more problematic possibility that 
administering the IRI prior to the scanning might differently 
prime subjects to empathize during the task, creating a dif-
ficult-to-model interaction effect. Indeed, there is evidence 
that IRI subscale scores change throughout adolescence in 
accordance with well-documented developmental changes 
(increases in empathic concern and perspective-taking, and 
decreases in personal distress—Davis and Franzoi 1991). 
However, no studies to our knowledge have found a signifi-
cant effect of task exposure on IRI scores.

To conclude, we propose here that observed sex dif-
ferences in empathy for pain could be due to at least two 
mechanisms: sex differences in bottom-up resonance with 
someone else’s pain, (or emotion), or in controlling reso-
nance via interactions between control and resonance pro-
cesses. This study supports the former as the prevalent 
process, though we cannot conclusively rule out other pos-
sible mechanisms suppressing somatomotor resonance in 
males. We also emphasize that recent studies suggesting 
continuous interactions between bottom-up and top-down 
processes make it problematic to claim differences in one 
processing stream but not the other, and that perhaps we 
do need a more nuanced theoretical framework to interpret 
these interactions.

Current directives within the NIH (http://grant​s.nih.
gov/repro​ducib​ility​/index​.htm) and recent analyses of neu-
roscience research (McCarthy et al. 2012) emphasize the 
necessity of (a) higher sample sizes (NIH directive NOT-
OD-15-103), (b) attention to sex differences to aid diagnosis 
and treatment of psychiatric disorder (NIH directive NOT-
OD-15-102) and (c) permutation-based high-level statistics 
(Eklund et al. 2016). This study conforms to these directives 
and concerns, and suggests that neuroimaging analyses of 
empathy in healthy and clinical populations as well as inter-
ventions aimed at empathy in clinical populations should 
take sex into account.

Given the foundational role of empathy in social cogni-
tion (Zaki and Ochsner 2012), these results may be a step 
toward building a neurobiologically based framework to 
better understand sex disparities in conditions with inef-
ficient social functioning, such as schizophrenia (Häfner 
2003), psychopathy (Nicholls and Petrila 2005) and autism 
spectrum disorder (Halladay et al. 2015), as well as sex dis-
parities in empathic responses, prosocial behavior (Chris-
tov-Moore et al. 2014) and moral reasoning (Friesdorf et al. 

2015). This will hopefully aid in the greater goal of incor-
porating sex differences into the study of normal and patho-
logical brain functions.
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