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Abstract
Although there are situations where it may be appropriate to reduce one’s emotional response to the pain of others, the impact of
an observer’s emotional expressivity on their response to pain in others is still not well understood. In the present study, we
examined how the emotion regulation strategy expressive suppression influences responses to pain in others. Based on prior
research findings on expressive suppression and pain empathy, we hypothesized that expressive suppression to pain expression
faces would reduce neural representations of negative emotion, vicarious pain, or both. To test this, we applied two multivariate
pattern analysis (MVPA)-derived neural signatures to our data, the Picture Induced Negative Emotion Signature (PINES; Chang,
Gianaros, Manuck, Krishnan, and Wager (2015)) and a neural signature of facial expression induced vicarious pain (Zhou et al.,
2020). In a sample of 60 healthy individuals, we found that viewing pain expression faces increased neural representations of
negative emotion and vicarious pain. However, expressive suppression to pain faces reduced neural representations of negative
emotion only. Providing support for a connection between neural representations of negative emotion and pain empathy, PINES
responses to pain faces were associated with participants’ trait-level empathy and the perceived unpleasantness of pain faces.
Findings suggest that a consequence of suppressing one’s facial expressions in response to the pain of others may be a reduction
in the affective aspect of empathy but not the experience of vicarious pain itself.
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Introduction

There are many contexts in which it may be appropriate to
suppress one’s emotional expressivity to the pain of others.
For example, parents may attempt to decrease their emotional
responses to pain in their children in order to not upset them
(Caes et al., 2014; Vervoort et al., 2011). Physicians are trained
to regulate their emotional responses to the pain of their pa-
tients, consistent with a view of empathy as a form of “emo-
tional labor” in clinical contexts that requires energy, resources,
and support to maintain (Larson & Yao, 2005). The regulation

of empathic responses to the pain of patients may function to
not exhaust physicians’ own cognitive and emotional resources
(Cheng et al., 2007; Decety, Yang, & Cheng, 2010). Despite
the utility of understanding how the suppression of emotional
expressivity influences responses to pain in others, the relation-
ship between an observer’s emotional expressivity and their
responses to pain in others is still not well understood.
Understanding the effect of the reduction of emotional expres-
sivity on responses to others’ pain has important implications.
For example, if physicians’ suppression of emotional expres-
sivity to pain in others decreases the degree to which they feel
the pain of their patients, this could have consequences for the
quality of the physician-patient relationship and may even in-
fluence subsequent treatment decisions (Weilenmann et al.,
2018).

The suppression of emotional expressivity has been pri-
marily studied in experimental settings using the emotion reg-
ulation strategy expressive suppression (Gross & Levenson,
1997). This emotion regulation strategy is achieved by
instructing participants to voluntarily inhibit their facial ex-
pressions in response to negative affective stimuli (Gross &
John, 2003). The use of expressive suppression has been
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associated with a number of negative social, cognitive, and
affective outcomes, including an increase in negative affect
and depressive symptomatology (Moore & Zoellner, 2012)
and lower social support and social satisfaction (Cutuli,
2014; Goldin, McRae, Ramel, & Gross, 2008; John &
Gross, 2004; Sheldon, Ryan, Rawsthorne, & Ilardi, 1997;
Srivastava, Tamir, McGonigal, John, & Gross, 2009). In ex-
perimental studies, expressive suppression is associated with
increased stress responses (Butler et al., 2003), worse social
communication (Butler, Lee, &Gross, 2007), worse executive
functioning (Niermeyer, Ziemnik, Franchow, Barron, &
Suchy, 2019), and impaired memory (Moore & Zoellner,
2012; Richards & Gross, 2000).

An additional negative consequence of expressive suppres-
sionmay be a reduction in empathywhen viewing pain in others.
Two nonmutually exclusive hypotheses of the effect of expres-
sive suppression on pain empathy are suggested by the literature.
First, expressive suppressionmay decrease the affective aspect of
pain empathy. Observing others in pain is known to elicit nega-
tive emotion in the observer (Avenanti, Minio-Paluello, Sforza,
& Aglioti, 2009; Franck, Cox, Allen, & Winter, 2004;
Hadjistavropoulos et al., 2011; Yamada & Decety, 2009), and
this experience of negative emotion may be one way that empa-
thy arises (Lamm &Majdandžić, 2015; Simon, Craig, Gosselin,
Belin, & Rainville, 2008). The possibility that engaging in ex-
pressive suppression reduces the affective aspect of empathy is
supported by studies demonstrating that inhibiting facial expres-
sivity impairs negative emotion perception (Schneider, Hempel,
& Lynch, 2013) and the associated neural correlates of negative
emotion (Dörfel et al., 2014; Ohira et al., 2006; Vrticka et al.,
2013). Although several studies have found that expressive sup-
pression reduces brain activity related to negative emotion, for
example in the amygdala (Dörfel et al., 2014; Ohira et al., 2006)
and anterior insula (aINS) (Vrticka et al., 2013), others have
reported an increase in brain activity related to negative emotion
during expressive suppression (Goldin et al., 2008; Hayes et al.,
2010; Vanderhasselt, Baeken, Schuerbeek, Luypaert, & Raedt,
2013).

Expressive suppression to pain in others also may decrease
the degree to which an observer shares the pain experience
(i.e., experiences vicarious pain). Viewing someone in pain is
associated with behavioral changes consistent with nocicep-
tive pain (Loggia, Mogil, & Bushnell, 2008). Individuals with
congenital insensitivity to nociceptive pain also have been
found to have deficits in empathic responding, namely a re-
duction in aversive emotional responses to pain in others
(Danziger, Prkachin, & Willer, 2006). Neuroimaging studies
have found that viewing others in pain increases activity in
brain regions involved in nociceptive pain, including the aINS
and dorsal anterior cingulate cortex (dACC) (Corradi-
Dell'Acqua, Hofstetter, & Vuilleumier, 2011; Lamm,
Nusbaum, Meltzoff, & Decety, 2007). These “shared neural
representations” between observed and experienced pain are

theorized to underlie empathic responses (Decety & Meyer,
2008; Singer et al., 2004), although it is likely that there are
multiple neural mechanisms for eliciting empathy (Lamm &
Majdandžić, 2015). Suggesting a potential link between the
inhibition of facial expressivity and the downregulation of
vicarious pain, Han, Luo, and Han (2016) reported that the
physical inhibition of facial expressivity (via a pencil held in
the mouth) reduced event-related potentials (ERPs) associated
with empathic neural responses.

Functional magnetic resonance imaging (fMRI) can help to
differentiate between the potential effects of expressive suppres-
sion on responses to pain in others. Specifically, the use of mul-
tivariate fMRI analysis techniques that treat the brain as the pre-
dictor, such as multivariate pattern analysis (MVPA), may help
to delineate the specific neural processes involved in viewing
pain in others (Zaki, Wager, Singer, Keysers, & Gazzola,
2016). Recent studies have used MVPA approaches to develop
brain signatures of processes implicated in pain empathy: nega-
tive emotion and vicarious pain. These signatures are the Picture
Induced Negative Emotion Signature (PINES) (Chang,
Gianaros, Manuck, Krishnan, & Wager, 2015) and a neural sig-
nature of facial expression induced vicarious pain (Zhou et al.,
2020; referred herein as the FEIVPS), which were developed
using MVPA techniques (Wager, Atlas, Leotti, & Rilling,
2011) to predict behavioral responses from multivariate patterns
of brain activity. This MVPA approach has the advantage of
taking into account activity that is distributed across cortical
and subcortical regions throughout the entire brain and thus
may offer insights into emerging patterns of activity (Kragel &
LaBar, 2016). Accordingly, this MVPA approach has been
found to outperform functional connectivity-derived network
maps and region-of-interest (ROI) analysis approaches (Chang
et al., 2015). Furthermore, comparing two predictive brain pat-
terns may identify useful similarities and differences between the
underlying neural representations (Chikazoe, Lee, Kriegeskorte,
& Anderson, 2014; López-Solà, Koban, Krishnan, & Wager,
2017a). Comparing expression of the PINES and FEIVPS pat-
terns can provide evidence of which specific aspects of pain
empathy are influenced by expressive suppression—negative
emotion, vicarious pain, or both.

The primary goal of the research project from which this
manuscript was developed was to examine the relationship be-
tween expressive suppression and responses to pain in others. A
secondary goal was to investigate whether there are cross-
national differences in this relationship, as prior literature sug-
gests that East Asian individuals may experience fewer negative
consequences of expressive suppression compared to Western
individuals (Butler et al., 2007; Butler, Lee, & Gross, 2009;
Soto, Perez, Kim, Lee, & Minnick, 2011), possibly due to cul-
tural variability in the value placed on emotional suppression
(Markus & Kitayama, 1991; Soto, Levenson, & Ebling, 2005).
As a result, for this project we collected a sample of individuals in
China and a matching sample in the United States. All
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participants underwent fMRI while passively viewing and en-
gaging in expressive suppression to pain and neutral
expression faces (Han et al., 2016; Feng Sheng & Han, 2012;
Sheng, Liu, Li, Fang, & Han, 2014) and negative and neutral
pictures from the International Affective Picture System (IAPS)
(Lang, Bradley, & Cuthbert, 1995).

To examine the influence of expressive suppression on re-
sponses to pain in others, we tested whether expressive suppres-
sion reduced expression of the PINES (negative affect), the
FEIVPS (vicarious pain), or both. To test whether there were
cross-national differences in the effect of expressive suppression
on negative emotion or vicarious pain, we tested for interactions
between the expressive suppressionmanipulation and nationality
(U.S.-China). For completeness and to compare to prior pain
empathy and expressive suppression literatures, we also conduct-
ed a standardwhole-brain univariate general linearmodel (GLM)
analysis in which we looked for brain regions that were more
active when viewing pain faces or emotionally aversive pictures
compared with neutral faces or pictures, and those that exhibited
a change in activation during expressive suppression.

For our primary research goal, we predicted that if expressive
suppression decreases negative emotional responses to others’
pain, then the PINES should decrease when engaging in expres-
sive suppression to pain faces. Similarly, we predicted that if
expressive suppression decreases the vicarious experience of
others’ pain, then the FEIVPS should decrease when engaging
in expressive suppression to pain faces. As a test of the specificity
of our effects to pain facial expressions, we predicted that if the
reduction of PINES or FEIVPS responses during expressive sup-
pression is specific to pain facial expressions, then we should not
see a reduction during expressive suppression to IAPS pictures.
For our secondary research goal, we predicted that U.S. com-
pared with Chinese participants would demonstrate greater neg-
ative consequences of expressive suppression in the form of a
larger reduction in PINES or FEIVPS responses during expres-
sive suppression to pain in others. In individual difference mea-
sures analyses, we predicted that if PINES or FEIVPS responses
were associated with pain empathy then trait-level empathymea-
sures would be positively associated with the unpleasantness or
pain intensity of the pain faces. We also predicted that self-
reported habitual use of expressive suppression and trait-level
empathy would be negatively associated in our sample, consis-
tent with our hypothesis that a reduction in pain empathy may be
an additional negative consequence of expressive suppression.

Methods

Participants

Participants were a total of 60 individuals (50% female, 96.7%
right-handed) between the ages of 18-29 years (M = 21.2, SD
= 3.31). Because one of the goals of this research project was

to examine cross-national differences in the effect of expres-
sive suppression on pain empathy, participants were recruited
and scanned in Peking University in Beijing, China and the
University of Miami in Miami, United States. Demographic
characteristics for the samples are available in Table 1. All
Chinese participants were born in China and identified their
race/ethnicity as Han Chinese. All U.S. participants were born
in the United States and identified their race/ethnicity as non-
Hispanic white/Caucasian. Participants were excluded from
participating in the study if they had a current or past psychi-
atric diagnosis, claustrophobia, or the presence of illness on
the day of the scan. All participants had normal vision or
vision that was normal after correction. During scanning at
the U.S. site, one participant’s T1 structural image revealed
an incidental finding (brain abnormality). This participant was
immediately notified of the incidental finding and their data
was replaced in the final sample. The study protocol was ap-
proved by the ethics committees at Peking University and the
University of Miami. Written informed consent was obtained
according to the Declaration of Helsinki (1991; p. 1194) for all
research participants.

Training

Before scanning, participants were trained on the fMRI tasks
in two parts, closely following training procedures used in
previous emotion regulation studies (Dörfel et al., 2014;
Ochsner & Gross, 2005). In the first part, participants were
given a brief description of how to respond to the images they
would see in the scanner, and then given the opportunity to
view a series of example pictures while the experimenter
instructed them on how to respond. Participants were
instructed to look at each picture carefully and try not to dis-
tract themselves with irrelevant or positive thoughts. Before
viewing each picture, participants viewed an instruction cue
telling them to either “Look” or “Suppress” to the picture that
followed. For the “Look” cue, participants were instructed to
look at the picture directly and respond naturally. For the
“Suppress” cue, participants were instructed to keep your face
still while looking at the picture so that someone watching
your face would not be able to know what you are feeling.
Participant instructions were taken from previous expressive
suppression studies (Dörfel et al., 2014; Goldin et al., 2008).

Emotion regulation cues corresponded to the following
task conditions (Figure 1). For the Face Task, the task condi-
tions were passively viewing neutral expression faces
(NEUFace, preceded by “Look” cue), passively viewing pain
expression faces (PAINFace, preceded by “Look” cue), or en-
gaging in expressive suppression to pain expression faces
(eSUPFace, preceded by “Suppress” cue). For the IAPS Task,
the task conditions were passively viewing neutral IAPS pic-
tures (NEUIAPS, preceded by “Look” cue), passively viewing
negative IAPS pictures (NEGIAPS, preceded by “Look” cue),
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or engaging in expressive suppression to negative IAPS pic-
tures (eSUPIAPS, preceded by “Suppress” cue).

In the second part of the training, participants completed a
practice block for each fMRI task. The pictures used during the
practice blocks were not shown to participants during scanning.
At the end of the practice blocks, the experimenter confirmed that
participants understood how to respond to the emotion regulation
cues and answered any questions or concerns. All study text and
instruction during training, and throughout each study session,
was delivered in English for the U.S. sample and Simplified
Mandarin Chinese for the Chinese sample.

Stimuli

Task stimuli were delivered using Presentation software (Version
20.0, Neurobehavioral Systems, Inc., Berkeley, CA). For the
Face Task, participants viewed 108 pain or neutral expression
faces that have been used in prior studies of pain perception in

others (Han et al., 2016; Feng Sheng & Han, 2012; Sheng et al.,
2014). Given prior evidence of racial in-group biases in empathic
neural responses to others’ pain (Xu, Zuo, Wang, & Han, 2009),
face stimuli were race and ethnicity-matched to participants. For
the IAPS Task, participants viewed 108 negative or neutral pic-
tures taken from the International Affective Picture System (Lang
& Bradley, 2007). The IAPS pictures in the task conditions were
matched for complexity and content, as well as for the presence
of the color red and the presence of human faces, because these
have been shown to influence neural and psychological responses
(Elliot, Maier, Moller, Friedman, & Meinhardt, 2007; Hill &
Barton, 2005). To control for any unanticipated aspects of the
negative IAPS pictures that might influence emotion regulation,
the IAPS pictures associated with the NEGIAPS and eSUPIAPS
conditions were counterbalanced across participants.

Mean valence and arousal values on a scale from 1 = most
unpleasant/calm to 9 = most pleasant/aroused for the IAPS
pictures in the task conditions were calculated to be similar

Table 1 Sample demographic characteristics

Beijing, China (n = 30) Miami, United States (n = 30) Overall (N = 60)

Gender

Female 15 (50.0%) 15 (50.0%) 30 (50.0%)

Male 15 (50.0%) 15 (50.0%) 30 (50.0%)

Age (yr)

Mean (SD) 22.3 (3.14) 20.1 (3.17) 21.2 (3.31)

Median [Min, Max] 21.0 [19.0, 29.0] 19.0 [18.0, 29.0] 20.0 [18.0, 29.0]

Cue

NEUFace

0.5-3s0.5-3s

LOOK

PAINFace

eSUPFace

Time

7s

+

+LOOK

SUPPRESS
+

Picture Fixa�on

Face Task
Cue

NEUIAPS

0.5-3s0.5-3s

LOOK

NEGIAPS

eSUPIAPS

Time

7s

+

+LOOK

SUPPRESS
+

Picture Fixa�on

IAPS Task
a b

Task Condi�on Task Condi�on

Fig. 1 Design of fMRI tasks. The order that the two tasks were presented
was counterbalanced such that half of the participants completed the Face
Task (a) first and half completed the IAPS Task (b) first. For the Face
Task, participants viewed 108 pain or neutral expression faces. For the

IAPS Task, participants viewed 108 negative or neutral pictures taken
from the International Affective Picture System. Face Task stimuli were
race and ethnicity-matched to participants
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to those reported in prior expressive suppression studies (Che,
Luo, Tong, Fitzgibbon, & Yang, 2015; Dörfel et al., 2014)
and were as follows: NEUIAPS: Valence = 5.08, Arousal =
3.69; NEGIAPS: Valence = 2.53, Arousal = 5.82; eSUPIAPS:
Valence = 2.53, Arousal = 5.60. Testing for differences in the
mean valence and arousal values between the task conditions
indicated that the values for the pictures in the NEGIAPS and
eSUPIAPS conditions were significantly different from those in
the NEUIAPS condition (ps < 0.001), while the values for the
pictures in the NEGIAPS and eSUPIAPS conditions were not
significantly different from each other (ps > 0.20). Participants
viewed the stimuli in each task on a rear-projected LCD screen
via an angled mirror located on the head-coil. Stimuli were
presented in the center of a gray background subtending a
visual angle of 4.65° × 5.80° and a viewing distance of 134
cm.

fMRI Tasks

Scanning consisted of six functional runs of approximately 7
minutes each. Participants completed three runs containing
pain and neutral expression face stimuli (Face Task;
Figure 1a) and three runs containing negative and neutral
IAPS pictures (IAPS Task; Figure 1b). The order that the
two tasks were presented was counterbalanced such that half
of the participants completed the Face Task first and half
completed the IAPS Task first. As both males and females
were recruited, counterbalancing was performed such that an
equal number of males and females were assigned to each task
counterbalance order.

Each trial of the fMRI task began with a jittered cue word
(0.5-3 seconds) instructing participants to either “Look” or
“Suppress” to the upcoming picture. Participants then viewed
a 7-second picture presentation followed by a jittered fixation
cross (0.5-3 seconds). Each fMRI run began and ended with a
20-second fixation cross for an implicit baseline. The presen-
tation of trials was pseudorandomized so that no more than
two trials in the same task condition were displayed in a row.
Participants saw an equal number of trials in each task
condition.

Procedures

Upon arrival at the study location, participants completed in-
formed consent and completed questionnaires assessing de-
mographic characteristics. Next, participants were trained by
the experimenter on the fMRI tasks following procedures used
in previous emotion regulation studies (Dörfel et al., 2014;
Ochsner & Gross, 2005). Participants then completed three
functional runs containing pain and neutral expression face
stimuli (Face Task) and three runs containing negative and
neutral IAPS pictures (IAPS Task), with the order of the tasks
counterbalanced across participants. Immediately after

scanning, participants completed ratings of each picture they
viewed during the scan, similar to prior emotion regulation
studies (Dörfel et al., 2014), rather than on a trial-by-trial
basis, due to evidence that conducting ratings in the scanner
environment may interrupt amygdala activity (Lieberman,
Inagaki, Tabibnia, & Crockett, 2011). Participants were
instructed to try to remember how each picture made them
feel when they viewed it in the scanner. Participants rated
how unpleasant each picture made them feel (1 = Very un-
pleasant to 9 = Very pleasant; anchors reversed for subsequent
analyses so that higher values indicated more unpleasantness)
and, for Face Task stimuli only, how much pain intensity they
perceived in each face (0 = No pain to 10 = Most intense pain
imaginable).

Next, participants completed self-report questionnaires
assessing the habitual use of expressive suppression and
trait-level empathy, as well as several cultural constructs.
Measures included the Emotion Regulation Questionnaire
(ERQ), a 10-item measure of the habitual use of emotion
regulation, with separate subscales for Expressive
Suppression and Cognitive Reappraisal (Gross & John,
2003). Each item is rated on a 7-point scale (1 = Strongly
disagree to 7 = Strongly agree). Participants also completed
the Interpersonal Reactivity Index (IRI), a 28-item self-report
measure of trait-level empathy comprising subscales for
Empathic Concern, Perspective-Taking, Fantasy, and
Personal Distress (Davis, 1983). Each item is rated on a 5-
point scale (1 = Does not describemewell to 5 =Describes me
very well).

Several additional measures of cultural constructs were ad-
ministered. These included a measure to assess the strength of
participants’ self-construal, a measure of self- or other-focus,
which has been found to differ between individuals in East
Asian and Western cultural contexts (Markus & Kitayama,
1991). To measure self-construal, participants completed the
24-item Self-Construal Scale (SCS) (Singelis, 1994). The SCS
contains separate subscales for independent and interdepen-
dent self-construal, each rated on a 7-point scale. Assessing
beliefs about appropriate pain behavior, which have been
found to differ between U.S. and East/South Asian individuals
(Hobara, 2005; Nayak, Shiflett, Eshun, & Levine, 2000), par-
ticipants completed the Appropriate Pain Behavior
Questionnaire (APBQ), a 28-item measure in which partici-
pants rate how much they agree with the appropriateness of
various pain behaviors for men and women on a 4-point scale
(Nayak et al., 2000).

fMRI acquisition and processing

Scanning at the U.S. site occurred at the Neuroimaging
Facility at the University of Miami (Miami, United States)
on a GE Discovery MR750 3.0T MR scanner. Scanning at
the China site occurred at the IDG McGovern Institute for
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Brain Research at Peking University (Beijing, China) on
a comparable GE Discovery MR750 3.0T MR scanner,
using the same scanner parameters and equivalent 32-
channel head coils as the U.S. site. Thirty-two axial
slices covering the whole brain volume were acquired, with
a total of 216 volumes collected per functional run (TR = 2,000

ms, TE = 30 ms, flip angle = 90°, FOV = 240 mm, 64 × 64
matrix, slice thickness = 4 mm, voxel size = 3.75 × 3.75 × 4
mm3). A T1-weighted anatomical image was acquired from
each participant using a 3D BRAVO sequence (TI = 450 ms,
sagittal orientation, flip angle = 12°, FOV= 240mm, 256 × 256
matrix, slice thickness = 1 mm). Data preprocessing and
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statistical analyses were conducted using FSL version 5.0.9.
Five volumes were discarded from each run to ensure that the
scanner had reached a steady state for the remaining volumes of
interest. The anatomical images were preprocessed with the
following steps: reorientation to standard MNI orientation,
cropping, registration to standard space using FLIRT (Greve
& Fischl, 2009; Jenkinson, Bannister, Brady, & Smith, 2002;
Jenkinson & Smith, 2001), and brain-extraction. Preprocessing
steps applied to functional data included brain extraction, slice
timing correction to the middle slice for interleaved EPI, spatial
smoothing using a full-width at half maximum (FWHM) 6-mm
Gaussian smoothing kernel, and removal of low frequency drift
(Smith et al., 2004). Functional images were co-registered to
structural images and transformed into standard MNI space.
Temporal autocorrelation was estimated and corrected via
prewhitening using FMRIB’s Improved Linear Model
(Woolrich, Brady, & Smith, 2001).

Motion correction was performed using FSL’s
MCFLIRT (Jenkinson et al., 2002), which corrects for
excessive head motion using rigid-body transformation
across six standard motion parameters (rotations and
translations along x, y, and z axes). Per recommendations
for characterizing head motion in fMRI data (Power,
Barnes, Snyder, Schlaggar, & Petersen, 2012), we calcu-
lated the mean framewise displacement (FD) or the aver-
age of rotation and translation parameter differences
(using weighted scaling) for each subject. No subjects in
either the Face Task or IAPS Task had a mean FD > 0.50
mm, a cutoff recommended for motion scrubbing in task
fMRI data (Siegel et al., 2014). As a result, no subjects
were excluded from subsequent analyses due to excessive
head motion.

Multivariate pattern expression analysis

To test whether expressive suppression to pain faces decreases
neural representations of negative emotion, vicarious pain, or
both, we applied two previously developed neural signatures
to our data using Matlab version 8.6.0.267246 (R2015b).

Picture Induce Negative Emotion Signature (PINES) The
PINES (Fig. 2a) was developed in a separate fMRI study
(Chang et al., 2015) in which participants were scanned while
viewing a series of negative and neutral pictures from the
International Affective Picture System (IAPS) (Lang &
Bradley, 2007). Chang et al. (2015) used a machine learning
algorithm, Least Absolute Shrinkage and Selection Operator
and Principle Components Regression (LASSO-PCR) (Wager
et al., 2011; Wager et al., 2013) to develop the PINES.
LASSO-PCR acts to first reduce the large amount of brain data
per participant using principle components analysis, with each
component of the principle components analysis representing a
set of voxels that share a similar pattern of activation. These
components are then used in a least squares regression with an
L-1 regularization (i.e., a penalty on the parameters which
increases predictive performance (Tibshirani, 1996)). This
MVPA approach enabled the authors to identify a neural sig-
nature of negative emotion—the PINES—which consists of a
map of positive and negative weights for each voxel in the
brain that is predictive of negative emotion ratings.

Importantly, the PINES pattern contains non-zero or near-
zero predictive weights in cortical and subcortical voxels
across the entire brain. Brain regions with positive predictive
weights (i.e., increased activity predicts more negative emo-
tion) in a thresholded (FDR q < 0.05) PINES predictive map
include the amygdala, anterior insula (aINS), dorsomedial pre-
frontal cortex (dmPFC), presupplementary motor area (pre-
SMA), and posterior cingulate cortex (PCC), all regions that
have been previously implicated in negative emotion
(Lindquist, Wager, Kober, Bliss-Moreau, & Barrett, 2012;
Yarkoni, Poldrack, Nichols, Van Essen, & Wager, 2011).
The PINES pattern also contains negative predictive weights
(i.e., increased activity predicts less negative emotion) in the
parahippocampal gyrus, superior temporal gyrus,
temporoparietal junction (TPJ), and caudate, among oth-
er regions. The PINES has been demonstrated to be
sensitive and specific to experiences of negative emo-
tion in new subjects (Chang et al., 2015; Shahane,
Lopez, & Denny, 2019).

Facial Expression Induced Vicarious Pain Signature (FEIVPS)
The FEIVPS (Fig. 2c) was developed in a previous fMRI
study (Zhou et al., 2020) in which participants were scanned
while viewing painful or nonpainful noxious stimulation of
body limbs (Meng et al., 2012), pain or neutral facial expres-
sions (the same face stimuli used in the present study) (Feng

�Fig. 2 Multivariate pattern expression and individual difference analyses
results. a) Picture Induced Negative Emotion Signature (PINES),
threshold at FDR q < 0.05. Image modified and reproduced from
Chang et al. (2015); b) PINES responses by task condition in the Face
Task; c) Facial Expression Induced Vicarious Pain Signature (FEIVPS),
threshold at FDR q < 0.05; d) FEIVPS responses by task condition in the
Face Task; e) Participants’ trait-level perspective-taking (IRI-PT)
predicting the observed increase in PINES responses when viewing pain
versus neutral faces (PAINFace > NEUFace); f) Participants’ observed in-
crease in PINES responses when viewing pain versus neutral faces
(PAINFace > NEUFace) predicting ratings of the unpleasantness of the pain
faces conducted immediately after the scan; g) Negative correlation be-
tween participants’ habitual use of expressive suppression and trait-level
empathic concern. P values Bonferroni corrected for multiple compari-
sons within family. Combined violin and boxplots depict raw data, while
asterisks depict the results of linear mixed effects models. Lines
connecting each violin and boxplot indicate within-subject changes in
signature responses due to task condition. Abbreviations: IRI – PT =
Interpersonal Reactivity Index – Perspective Taking Subscale; IRI – EC
= Interpersonal Reactivity Index – Empathic Concern Subscale, ERQ –
eSUP = Emotion Regulation Questionnaire – Expressive Suppression
Subscale. **p < 0.01; ***p < 0.001.
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Sheng & Han, 2012), negative or neutral IAPS pictures, and
nonpainful control images. The FEIVPS is similar to the pre-
viously developed Vicarious Pain Signature (VPS) (Krishnan
et al., 2016), which was trained to predict participants’ ratings
of vicarious pain while they viewed painful limb stimuli (see
Supplemental Materials for multivariate pattern expression
results for the VPS, which did not respond to the pain
expression face stimuli in our study). Preprocessed (motion
corrected and high-pass filtered) fMRI data from the tasks was
then subjected to linear support vector machines (SVMs) to
train separate multivariate pattern classifiers of vicarious pain
induced by noxious stimulation and pain facial expressions.
SVM classification was evaluated using a 10-fold cross-vali-
dation procedure (Hsu, Chang, & Lin, 2003). The resulting
FEIVPS pattern has non-zero or near-zero predictive weights
in voxels throughout the entire brain. Positive predictive
weights (i.e., increased activity predicts more vicarious pain)
in a thresholded (FDR q < 0.05) FEIVPS pattern are located in
the precuneus, PCC, medial frontal gyrus, caudate, superior
frontal gyrus, middle temporal gyrus, and insula. Negative
predictive weights (i.e., increased activity predicts less vicar-
ious pain) in a thresholded FEIVPS pattern are located in the
midcingulate cortex (MCC), ventromedial prefrontal cortex
(vmPFC), putamen, and superior temporal gyrus.

In order to calculate the pattern expression in our own data,
we conducted a first-level general linear model (GLM) anal-
ysis in FSL with the onsets and durations of the following
events modeled as regressors: the instruction cue for each task
condition, the stimulus presentation period for each task con-
dition, and the fixation periods between trials. Six standard
motion parameters were included in the GLM as nuisance
regressors. For the second-level analysis, parameter estimates
from the individual contrast images in the first-level analysis
were combined across functional runs using a fixed-effects
analysis. Then, using Matlab software, we calculated the ex-
pression of each pattern in each of the task conditions versus
an implicit baseline for each subject. As detailed in prior stud-
ies (López-Solà, Geuter, Koban, Coan, & Wager, 2019;
López-Solà, Woo, et al., 2017b; Wager et al., 2013), the pat-
tern expression was calculated by taking the dot product of the
unthresholded, vectorized activation contrast z statistic image
with the predictive weight map.

Calculating the expression of each pattern in new data, as
we did in the present study, yields a single numeric value, the
signature response. The signature response represents the de-
gree to which the new subject’s brain data resembles the pre-
dictive pattern, with higher response values indicating greater
similarity between the new subject’s brain data and the pre-
dictive pattern. Because the neural signatures were developed
specifically to predict participant ratings, we can inter-
pret a given signature response such that a higher sig-
nature response value indicates higher amounts of a
given neural representation.

Statistical analysis

The resulting vectors of signature response values calculated
in Matlab were then imported into R Version 3.3.2 (R Core
Team, 2019). In R, we used linear mixed effects models
(Magezi, 2015) to estimate the effect of our task conditions
(passively viewing faces/images and expressive suppression)
on participants’ signature response values (one signature re-
sponse value for each task condition and for each subject). Our
use of linear mixed effects models allowed us to specify a
random intercept for each participant, which accounts for in-
dividual differences in baseline brain activity to the stimuli in
each task (Costafreda, 2009; Mumford & Nichols, 2006).
Models were specified using the lme4 package in R (Bates,
M, Bolker, & Walker, 2015). Significance values for fixed
effects were calculated using Satterthwaite approximation
(lmerTest R package) of degrees of freedom (Kuznetsova,
Brockhoff, & Christensen, 2015). Separate models were spec-
ified for each neural signature (PINES and FEIVPS) and fMRI
task (Face and IAPS).

To investigate whether expressive suppression to pain
faces influenced neural representations of negative emotion,
vicarious pain, or both, we specified linear mixed effects
models with task condition (passively viewing faces/images
and expressive suppression) predicting signature responses.
Participant ID was included as random effect with a random
intercept. Participant age and gender were included as fixed
effects in each model for statistical control due to evidence of
gender and age-related variability in pain empathy (Christov-
Moore et al., 2014; Grühn, Rebucal, Diehl, Lumley, &
Labouvie-Vief, 2008). Nationality was included as a fixed
effect of no interest in these models to control for potential
cross-national differences in signature responses. To address
our secondary research goal, which was whether there were
cross-national differences in the effect of expressive suppres-
sion, we specified separate linear mixed effects models with a
task condition-by-nationality interaction, which allowed us to
assess cross-national differences in the magnitude of signature
response changes due to passively viewing faces/images and
expressive suppression. Gender and age were included as co-
variates, and participant was included as a random effect with
a random intercept in each model.

To investigate whether changes in signature responses due
to viewing pain faces were related to pain empathy, we first
tested in linear regression models whether trait-level empathy
was associated with signature responses when viewing pain
versus neutral faces. In separate linear regression models, we
next tested whether signature responses when viewing pain
versus neutral faces were associated with stimulus ratings of
the unpleasantness or pain intensity of pain faces. Finally, we
examined whether the habitual use of expressive suppression
and trait-level empathy were negatively related in our sample,
consistent with our hypothesis of a negative relationship
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between expressive suppression and pain empathy. We tested
this hypothesis using a Pearson r correlation analysis conduct-
ed between the ERQ – Expressive Suppression subscale and
the IRI subscales found to be significantly related to signature
responses. To correct for multiple comparisons, we subjected
p values to Bonferroni correction within each family of
models.

To interpret key null effects estimated using null-
hypothesis significance testing, we estimated Bayes Factors
which quantify the likelihood of the data under the null and
alternative hypotheses (Morey & Rouder, 2011). To estimate
Bayes Factors for one-sample t-tests, we first computed dif-
ference scores between our task conditions (passively viewing
faces/images and expressive suppression). We then utilized
the ttestBF function in the BayesFactor R package (v0.9.12),
which utilizes the Jeffreys–Zellner–Siow (JZS) prior (scale
factor = 0.707). This prior combines the Cauchy distribution
on the standardized effect size and a noninformative Jeffreys
prior on the variance of the normal population (Rouder,
Speckman, Sun, Morey, & Iverson, 2009).

Univariate general linear model (GLM) analysis

We conducted an exploratory univariate general linear model
(GLM) analysis as an additional source of information to that
provided by the multivariate pattern expression analysis. The
within-subject fixed-effects analysis that was used as the input
for the pattern expression analysis was also used in the GLM
analysis. In the GLM analysis, the within-subject analysis was
followed by a third-level mixed-effects analysis
which combined data across participants using FMRIB
Local Analysis of Mixed Effects (FLAME1; Beckmann
et al., 2003; Woolrich et al., 2004). We calculated a group
mean across all participants and included participant national-
ity as an additional covariate for statistical control, orthogo-
nalized with respect to the group mean. Resulting z statistic
images were false discovery rate (FDR) corrected using a
critical FDR threshold of q < 0.05 and k > 50, which controls
the expected proportion of false positives among
suprathreshold voxels (Benjamini & Hochberg, 1995;
Genovese, Lazar, & Nichols, 2002). The FDR threshold is
determined from the observed p value distribution and is
therefore adaptive to the amount of signal in the data. The q
value is the FDR corrected p value for that image. Thus, im-
ages thresholded at FDR q < 0.05 are significant at FDR
corrected p < 0.05. This would mean that, on average, 5% of
the observed results would be false positives. Anatomical
brain regions were identified using the Harvard-Oxford
Cortical and Subcortical Structural Atlases in FSLView.

The contrast PAINFace > NEUFace was calculated to assess
increases in activation when passively viewing pain versus
neutral expression faces in the Face Task. The contrast
eSUPFace > PAINFace was calculated to assess increases in

activation related to engaging in expressive suppression to
pain faces versus passively viewing pain faces in the Face
Task. The contrast NEGIAPS > NEUIAPS was calculated to
assess increases in activation when passively viewing nega-
tive versus neutral pictures in the IAPS Task. The contrast
eSUPIAPS > NEGIAPS was calculated to assess increases in
activation related to engaging in expressive suppression to
negative pictures versus passively viewing negative pictures
in the IAPS Task.

Results

Stimulus rating analysis results

Pain faces rated as more unpleasant and higher in pain in-
tensity than neutral faces As a manipulation check of our
fMRI tasks, we first examined participant stimulus ratings to
the face and IAPS stimuli made immediately after scanning.
As expected, participants rated pain faces in the Face Task as
significantly more unpleasant (M = 6.09, SD = 0.88) than
neutral faces (M = 4.85, SD = 0.78), t(59) = 8.12, p < 0.001.
Participants also rated pain faces as higher in pain intensity (M
= 5.45, SD = 1.58) than neutral faces (M = 0.60, SD = 0.77),
t(59) = 23.66, p < 0.001. For the IAPS Task stimuli, as ex-
pected, participants rated negative pictures as significantly
more unpleasant (M = 7.08, SD = 0.81) than neutral pictures
(M = 4.56, SD = 0.68), t(58) = 21.07, p < 0.001 (one subject’s
data was lost due to software error). These results indicate that
participants perceived the pain faces and negative IAPS pic-
tures as unpleasant, the pain faces as reflecting pain, and were
able to differentiate between the stimuli in the task conditions,
suggesting that our fMRI tasks functioned as intended.

Multivariate pattern expression analysis results

Viewing pain faces increases neural representations of nega-
tive emotion and vicarious pain As a manipulation check of
the multivariate pattern expression analysis, we first con-
firmed the effect of viewing pain faces on signature responses
separate from engaging in expressive suppression. In linear
mixed effects models predicting PINES responses elicited by
passively viewing pain and neutral expression faces, we found
that PINES responses significantly increased when passively
viewing pain faces (PAINFace) versus passively viewing neu-
tral faces (NEUFace), B = 0.73, SE = 0.26, t(118) = 2.85, p =
0.005, d = 0.52 (Figure 2b, left). Similarly, FEIVPS responses
significantly increased when passively viewing pain versus
neutral faces, B = 3.66, SE = 0.47, t(118) = 7.78, p < 0.001,
d = 1.43 (Figure 2d, left). These findings suggest that neural
representations of negative emotion and vicarious pain were
increased by viewing pain facial expressions.
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Expressive suppression to pain faces reduces neural represen-
tations of negative emotion but not vicarious pain We next
tested whether expressive suppression to pain faces reduced
neural representations associated with negative emotion, vi-
carious pain, or both. In linear mixed effects models, we found
that PINES responses significantly decreased when engaging
in expressive suppression to pain faces (eSUPFace) versus pas-
sively viewing pain faces (PAINFace), B = −1.005, SE = 0.26,
t(118) = −3.90, p < 0.001, d = −0.72 (Figure 2b, right;
Table 2). In contrast, FEIVPS responses did not significantly
decrease when engaging in expressive suppression to pain
faces, B = −0.53, SE = 0.47, t(118) = −1.14, p = 0.258, d =
−0.21 (Figure 2d, right). Follow-up Bayes Factor estimation
for the null FEIVPS effect revealed moderate evidence for
equivalence between expressive suppression and passive
viewing in FEIVPS responses (eSUPFace > PAINFace: BF10
= 0.26). Together, these findings suggest that expressive sup-
pression to pain faces reduced neural representations of nega-
tive emotion but not vicarious pain.

Specificity of effect of expressive suppression to pain facial
expressions To test whether the observed reduction in neural
representations of negative emotion due to expressive sup-
pression is specific to pain facial expressions, we examined
the effects of expressive suppression on PINES and FEIVPS
responses when viewing IAPS pictures, which are also emo-
tionally aversive but do not consistently contain pain facial
expressions. PINES responses significantly increased when
passively viewing negative IAPS pictures (NEGIAPS) versus
passively viewing neutral IAPS pictures (NEUIAPS), B = 2.37,
SE = 0.21, t(118) = 11.47, p < 0.001, d = 2.11. Although
FEIVPS responses also significantly increased when

passively viewing negative IAPS pictures (B = 2.07, SE =
0.46, t(118) = 4.54, p < 0.001, d = 0.84), mean responses were
negative in both conditions. Previous evidence suggests po-
tential nonmeaningful variation of neural signatures in
negative-response or near-zero response ranges (Reddan &
Wager, 2018; Wager et al., 2013).

We also found that PINES responses significantly de-
creased when engaging in expressive suppression to negative
IAPS pictures (eSUPIAPS) versus passively viewing negative
IAPS pictures (NEGIAPS), B = −0.85, SE = 0.21, t(118) =
−4.12, p < .001, d = −0.76. In contrast, FEIVPS responses
did not significantly decrease when engaging in expressive
suppression versus passively viewing negative IAPS pictures,
B = 0.003, SE = 0.46, t(118) = 0.007, p = 0.994, d = 0.001.
Follow-up Bayes Factor estimation for the null FEIVPS effect
revealed moderate evidence for equivalence between expres-
sive suppression and passive viewing in FEIVPS responses
(eSUPIAPS > NEGIAPS: BF10 = 0.14).

These findings suggest that the observed reduction in neu-
ral representations of negative emotion due to expressive sup-
pression is not specific to pain facial expressions.
Additionally, these results provide further validation for the
constructs these signatures represent, as the PINES was
trained on negative and neutral IAPS pictures (Chang et al.,
2015) and the FEIVPS was trained on the same pain and
neutral facial expression stimuli used in the present study
(Feng Sheng & Han, 2012; Zhou et al., 2020).

Effect of expressive suppression on neural representations of
negative emotion does not differ by gender or nationality As
a follow-up analysis, we tested whether the effect of expres-
sive suppression or passive viewing of faces differed by par-
ticipant gender given prior evidence of gender differences in
empathic responding (Christov-Moore et al., 2014). Although
female participants had significantly higher overall FEIVPS
responses to pain and neutral face stimuli compared to male
participants (B = 3.01, SE = 1.36, t(56) = 2.22, p = 0.030, d =
0.59), the effect of participant gender was nonsignificant in all
other tested models (ps > 0.70).

Next, addressing our secondary research aim, we test-
ed whether the observed effect of expressive suppres-
sion on PINES responses differed by participant nation-
ality. We specified in linear mixed effects models a task
condition-by-nationality interaction, which allowed us to
assess any cross-national differences in the magnitude of
PINES response changes due to expressive suppression.
PINES response changes due to task condition did not
significantly differ by participant nationality (ps > 0.20).
However, we did find that U.S. participants demonstrat-
ed a larger increase in FEIVPS responses when engag-
ing in expressive suppression versus passively viewing
negative IAPS pictures compared with Chinese partici-
pants (B = 2.23, SE = 0.89, t(116) = 2.49, p = 0.014, d

Table 2 Results of linear mixed effects model predicting PINES
responses in the Face Task

Predictor Estimate SE p d

(Intercept) 9.50 2.70 <0.001

Task Condition [NEUFace] -0.73 0.26 0.005 -0.52

Task Condition [eSUPFace] -1.005 0.26 <0.001 -0.72

Gender [male] -0.04 0.75 0.960 -0.01

Age -0.24 0.12 0.051 -0.53

Nationality [U.S.] 0.35 0.78 0.423 0.12

Random effects

σ2 1.99

τ00 Subject 7.45

ICC 0.79

N Subject 60

Observations 180

Marginal R2/ conditional R2 0.090 / 0.808

Bolded p-values indicate significance at p < 0.05 level. Results are pre-
sented with the PAINFace task condition as the reference variable.
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= 0.46). This suggests that U.S. participants may have
been less successful at reducing vicarious pain during
expressive suppression to IAPS pictures than Chinese
participants.

Finally, given our finding that expressive suppression re-
duced neural representations of negative emotion but not vi-
carious pain, we tested whether PINES and FEIVPS responses
were uncorrelated in our data. FEIVPS responses have been
previously found to be not sensitive to negative emotion
(Zhou et al., 2020). PINES and FEIVPS responses to faces
were uncorrelated in each task condition in our data (NEUFace:
r = −0.18, p = 0.162; PAINFace: r = 0.08, p = 0.537; eSUPFace:
r = −0.09, p = 0.496). Similarly, PINES and FEIVPS re-
sponses to IAPS pictures were uncorrelated in each task con-
dition (NEUIAPS: r = −0.09, p = 0.512; NEGIAPS: r = −0.11, p
= 0.401; eSUPIAPS: r = −0.14, p = 0.276). As a result, we can
assume that the PINES and FEIVPS are likely measuring sep-
arable neural representations in our data.

Taken together, these findings suggest that our observed
effect of expressive suppression on neural representations of
negative emotion did not differ by participant gender or na-
tionality, increasing the generalizability of our findings.

Individual difference analysis results

Neural representations of negative emotion positively associ-
ated with trait-level empathy and pain face unpleasantness
ratings Because we observed both a significant increase in
neural representations of negative emotion (as measured by
PINES responses) during passive viewing of pain faces and a
significant decrease during expressive suppression, we next inves-
tigated the relationship between PINES responses and individual
difference measures of empathy and expressive suppression.
Testing whether the increase in PINES responses due to viewing
pain faces was related to trait-level empathy, we found that trait-
level perspective-taking (IRI – PT) was positively associated with
the increase in PINES responses due to viewing pain faces, B =
0.16, SE=0.05, Bonferroni-corrected p=0.01 (Figure 2e). That is,
as participants’ trait-level perspective-taking increased, the magni-
tude of their PINES responses to viewing pain faces increased.We
also found a marginal positive association between trait-level em-
pathic concern (IRI – EC) and PINES responses to viewing pain
faces, B = 0.11, SE = 0.04, pcorrected = 0.06. The relationship
between personal distress (IRI – PD) and change in PINES re-
sponseswas not significant,B=0.03,SE=0.05, corrected pcorrected
> 1.00. Similarly, the relationship between fantasy (IRI – FS) and
change in PINES responses was not significant, B = −0.05, SE =
0.04, pcorrected > 1.00.

Next, testing whether the increase in PINES responses due to
viewing pain faces was associated with the unpleasantness or
pain intensity of the pain faces, we found that PINES responses
were positively associated with the unpleasantness of pain faces,
B = 0.17, SE = 0.06, Bonferroni-corrected p = 0.017 (Figure 2f).

That is, as themagnitude of participants’ PINES responses due to
viewing pain faces increased, their ratings of the unpleasantness
induced by the pain faces increased. The relationship between
PINES responses due to viewing pain faces and ratings of the
pain intensity of pain faces was not significant, B = 0.05, SE =
0.12, pcorrected > 1.00.

Habitual use of expressive suppression negatively associated
with trait-level empathy To examine whether individual differ-
ence measures of expressive suppression and empathy were neg-
atively related in our data, we tested whether the habitual use of
expressive suppression was negatively associated with the trait-
level empathymeasures that we identified as related to the increase
in PINES responses due to viewing pain faces. Consistentwith our
hypothesis, we found that the habitual use of expressive suppres-
sion (ERQ – eSUP) was negatively associated with trait-level
empathic concern (IRI – EC), r = −0.32, t = −2.53, 95% confi-
dence interval (CI) [−0.53, −0.07], Bonferroni-corrected p = 0.028
(Figure 2g). In contrast, the habitual use of expressive suppression
was not associated with trait-level perspective-taking (IRI – PT), r
= −0.03, t = −0.26, 95% CI [−0.29, 0.22], pcorrected > 1.00.

These findings indicate that the significant increase in
PINES responses that we observed when participants viewed
pain faces was associated with trait-level empathy and ratings
of the unpleasantness of the pain faces. Additionally, the ha-
bitual use of expressive suppression and trait-level empathy
were negatively related, suggesting that individuals who more
frequently engaged in expressive suppression had lower trait-
level empathy in our data.

Univariate GLM analysis results

Viewing pain faces elicits brain activity in regions previously
associated with empathic neural responsesWe conducted an
exploratory univariate GLM analysis as a complement to our
multivariate pattern expression analysis and to provide a point
of comparison with prior fMRI studies of empathy and expres-
sive suppression. We found that several brain regions were more
active when participants viewed pain versus neutral faces
(PAINFace > NEUFace), the contrast commonly used to investi-
gate neural correlates of pain empathy in previous studies
(Lamm, Decety, & Singer, 2011). Active regions in this contrast
included the bilateral anterior insula (aINS), inferior frontal gyrus
(IFG), dorsal anterior cingulate cortex (dACC), supplementary
motor area (SMA), and precuneus, consistent with regions that
have been previously implicated in empathic neural responses to
pain (Fan, Duncan, de Greck, & Northoff, 2011; Lamm, Decety,
& Singer, 2011) (Figure 3a; Table 3).

Expressive suppression to pain faces associated with activity
in prefronto-parietal regions involved in emotion regulation
We next examined which brain regions were associated with
expressive suppression as a point of comparison with prior
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studies. Regions that showed increased activity when engag-
ing in expressive suppression to pain faces (eSUPFace >
PAINFace) included the ventromedial prefrontal cortex
(vmPFC), bilateral IPL, and right middle temporal gyrus
(MTG), consistent with regions previously implicated in emo-
tion regulation and expressive suppression specifically
(Cutuli, 2014; Dörfel et al., 2014; Goldin et al., 2008; Hayes
et al., 2010; Ochsner, Silvers, & Buhle, 2012) (Fig. 3b,
Table 3). Regions that showed decreased activity when engag-
ing in expressive suppression to pain faces (PAINFace >
eSUPFace) included regions involved in motor control and
negative emotion, including the SMA, visual cortex, bilateral
amygdala, bilateral IPL, central operculum, and putamen.

Expressive suppression to negative IAPS pictures elicits simi-
lar activity to pain faces As a test of the specificity of our
whole-brain findings to pain facial expressions, we conducted
a whole-brain GLM analysis to examine activity differences
between negative and neutral IAPS pictures. When passively
viewing negative versus neutral IAPS pictures (NEGIAPS >
NEUIAPS), there were increases in activity in the right middle
frontal gyrus, dorsomedial prefrontal cortex, bilateral insular
cortex, superior frontal gyrus, middle temporal gyrus, caudate,
and bilateral amygdala, consistent with prior studies of nega-
tive emotion elicited by negative IAPS pictures (Aldhafeeri,
Mackenzie, Kay, Alghamdi, & Sluming, 2012; Britton,
Taylor, Sudheimer, & Liberzon, 2006) (Figure 3c; Table 3).

Examining expressive suppression-related activity in response
to IAPS pictures (eSUPIAPS > NEGIAPS), which is the most
frequently examined stimulus type in emotion regulation studies
(Kohn et al., 2014), revealed increased activity in many of the
same brain regions that we found to be activated when viewing
pain faces. These included the right middle frontal gyrus, middle
temporal gyrus, bilateral IPL, and ventrolateral/ventromedial pre-
frontal cortex (Figure 3d; Table 3). Regions that showed de-
creased activity when engaging in expressive suppression to neg-
ative IAPS pictures (NEGIAPS> eSUPIAPS) included the SMA,
visual cortex, parietal cortex, left insular cortex, and medial/
anterior cingulate cortex.

Together, these findings suggest that our tasks robustly
activated brain regions reported in prior studies of pain empa-
thy and expressive suppression, providing a manipulation
check of our tasks. Our finding that similar brain regions were
activated by passive viewing and expressive suppression to
pain faces and negative IAPS pictures is consistent with our
multivariate pattern expression findings, in which we found
that the observed reduction in neural representations of nega-
tive emotion due to expressive suppression was not specific to
pain facial expressions. Our results, particularly with regard to
increases in emotion regulation-related brain activity during
expressive suppression, also provide a complement to the spe-
cific neural signatures used in our multivariate pattern expres-
sion analysis, which may not fully capture increases in brain
activity associated with emotion regulation processes.
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Fig. 3 Univariate general linear model (GLM) analysis results. Numbers
displayed below each brain view indicate MNI coordinates. All maps
thresholded at FDR q < 0.05, k > 50. a) Whole-brain activity when
passively viewing pain versus neutral expression faces (PAINFace >
NEUFace); b)Whole-brain activity when engaging in expressive suppres-
sion to pain faces versus passively viewing pain faces (eSUPFace >
PAINFace); c)Whole-brain activity when passively viewing negative ver-
sus neutral IAPS pictures (NEGIAPS > NEUIAPS); d)Whole-brain activity

when engaging in expressive suppression to negative IAPS pictures ver-
sus passively viewing negative IAPS pictures (eSUPIAPS > NEGIAPS).
SMA = supplementary motor area; dACC = dorsal anterior cingulate
cortex; aINS = anterior insula; IFG = inferior frontal gyrus; dMFC =
dorsal medial frontal cortex;MFG =middle frontal gyrus; MTG =middle
temporal gyrus; Amg = amygdala; VC = visual cortex; vmPFC = ventro-
medial prefrontal cortex; IPL = inferior parietal lobule.
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Discussion

Summary of findings

The suppression of emotional expressivity when viewing pain
in others may be appropriate in many different contexts.
However, the effect that this suppression of expressivity has
on the pain observer is still not well understood. In the present
study, we tested whether engaging in the emotion regulation

strategy expressive suppression in response to pain in others
reduced neural representations of negative emotion (as mea-
sured by the PINES), vicarious pain (as measured by the
FEIVPS), or both.We found that viewing pain faces increased
neural representations of negative emotion and vicarious pain,
yet expressive suppression to pain faces decreased neural rep-
resentations of negative emotion only. Tests of the specificity
of this effect demonstrated that it was not specific to pain
facial expressions, as similar effects were observed in

Table 3 List of peak coordinates
from significant clusters in the
univariate general linear model
(GLM) analysis (FDR q < 0.05, k
> 50)

Brain region Cluster size Peak Z Peak MNI (x, y, z)

PAINFace > NEUFace

L frontal pole 18179 6.37 -34, 56, 14

L cerebellum 6223 4.55 -38, -62, -38

R inferior frontal gyrus (pars triangularis) 6066 5.41 52, 20, 0

L supramarginal gyrus (posterior division) 3900 4.94 -58, -50, 22

R middle temporal gyrus 3245 4.85 56, -48, 0

L cuneal cortex 537 3.57 -4, -84, 38

R posterior cingulate gyrus 344 3.78 4, -18, 24

postcentral gyrus 191 3.55 0, -50, 76

R lingual gyrus 91 2.73 26, -54, -8

brainstem 52 3.04 -10, -28, -28

eSUPFace > PAINFace

R frontal pole 5203 5.37 46, 54, -10

R lateral occipital cortex 3661 4.8 56, -62, 42

L lateral occipital cortex 2871 4.89 -50, -60, 48

L superior temporal gyrus 1940 4.06 -54, -8, -12

R posterior cingulate gyrus 1334 3.83 4, -32, 46

R middle temporal gyrus 736 4.36 58, -16, -20

R precentral gyrus 612 3.39 24, -26, 48

L middle frontal gyrus 540 3.7 -44, 18, 42

L frontal pole 267 3.67 -42, 56, -8

L precentral gyrus 104 2.79 -32, -26, 56

L frontal pole 98 3.04 -10, 62, -10

L frontal orbital cortex 96 3.16 -16, 22, -14

NEGIAPS > NEUIAPS

R superior frontal gyrus 86620 6.55 6, 14, 58

R superior parietal lobule 248 3.05 26, -54, 38

L frontal pole 72 3.79 -4, 62, -22

eSUPIAPS > NEGIAPS

R lateral occipital cortex 1998 4.31 52, -60, 28

L lateral occipital cortex 1247 5.2 -60, -64, 26

R middle frontal gyrus 1074 4.34 36, 26, 38

R frontal pole 247 3.62 44, 42, 8

R frontal pole 93 3.85 40, 60, -14

R middle temporal gyrus 84 3.05 64, -22, -20

L inferior temporal gyrus 66 3.16 -50, -18, -22

R anterior cingulate gyrus 63 3.11 10, 34, -2

L frontal pole 59 3.06 -42, 54, -14

L middle temporal gyrus 58 3.55 -72, -36, -2
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response to IAPS pictures. Connecting neural representations
of negative emotion and trait-level empathy, PINES responses
were positively associated with participants’ perspective-
taking and pain face unpleasantness ratings. Addressing our
secondary research goal and speaking to the generalizability
of these effects, the effect of expressive suppression on PINES
responses did not differ by participant gender or nationality.

Expressive suppression to pain in others reduced
neural representations of negative emotion but not
vicarious pain

Prior evidence links the experience of negative emotion when
viewing pain in others to the experience of pain empathy
(Simon et al., 2008), consistent with current theories of pain
empathy as a primarily affective phenomenon (Lamm et al.,
2011; Lamm & Majdandžić, 2015). We found that the pain
faces in our study increased neural representations of both
negative emotion and vicarious pain. Yet engaging in expres-
sive suppression to pain faces reduced neural representations
of negative emotion only. This suggests that expressive sup-
pression to pain faces was associated with a decrease in the
affective aspect of pain empathy. Our findings that PINES
responses were positively associated with perspective-taking
and pain face unpleasantness ratings, and that individual dif-
ference measures related to expressive suppression and empa-
thy were negatively related in our sample, provide further
support for a link between the neural representations of nega-
tive emotion examined in our study and the affective aspect of
empathy. Our replication of prior whole-brain findings of in-
creased aINS and dACC activity when viewing pain in others
(Lamm et al., 2011) provides support for a link between view-
ing the pain faces in our study and empathy. Despite these
findings, it is important to note that empathy is a multidimen-
sional construct, with multiple definitions and contributing
neural processes (Klimecki, Leiberg, Ricard, & Singer,
2014; Lamm & Majdandžić, 2015). Similar to previous stud-
ies using MVPA-derived neural signatures to investigate em-
pathy (López-Solà, Koban, et al., 2017), although we utilized
the previously developed PINES and FEIVPS signatures to
understand the influence of expressive suppression on differ-
ent aspects of empathic responding, we do not suggest that
these are the only neural signatures of negative emotion, vi-
carious pain, or empathy, or that these represent complete
models of the brain systems contributing to these constructs.
In sum, our findings suggest that suppressing facial expressiv-
ity when viewing pain in others reduces the negative affective
aspect of pain empathy, but not the experience of vicarious
pain itself.

Prior research on expressive suppression indicates that it is
associated with largely negative social (Butler et al., 2007),
cognitive (Moore & Zoellner, 2012; Niermeyer et al., 2019;
Richards & Gross, 2000), and affective (Butler et al., 2003;

Schneider et al., 2013) consequences. Our findings implicate a
reduction in the affective aspect of pain empathy as an addi-
tional negative consequence of expressive suppression.
However, it is important to note that the consequences of
expressive suppression may rely largely on the context in
which it is employed (Butler et al., 2003). For example, phy-
sician training often focuses on specifically downregulating
the affective or emotionally distressing aspects of conducting
medical care (Nightingale, Yarnold, & Greenberg, 1991), and
empathy has been found to decline as medical training in-
creases (Bellini & Shea, 2005; Hojat et al., 2009). In experi-
mental studies, evidence indicates that prefronto-parietal re-
gions involved in emotion regulation may be utilized by phy-
sicians during pain observation to reduce the associated neg-
ative arousal that may inhibit appropriate helping behaviors
(Decety et al., 2010). In conclusion, although our study did
not include a sample of physicians, our findings suggest that
inhibiting facial expressivity in response to pain in others may
be an effective strategy for reducing the negative emotion
associated with observing pain in others within medical
contexts.

Effect of expressive suppression on neural
representations of negative emotion did not differ by
nationality

Addressing our secondary research aim, which investigated
whether there were cross-national differences in the effect of
expressive suppression on viewing pain in others, we found
similar magnitudes of PINES responses when viewing and
engaging in expressive suppression to pain faces and IAPS
pictures in both Chinese and U.S. participants. This suggests
that although the PINES pattern was developed using U.S.
participants, the neural representations associated with nega-
tive emotion that it measures may generalize to other national
groups. Although our findings suggest that the specific nega-
tive consequence of expressive suppression examined in the
present study—reduced brain activity related to empathy
when viewing pain in others—may not differ between the
specific cultural groups studied, it is possible that there are
other sociocultural or contextual variables that may influence
how and when expressive suppression leads to negative con-
sequences. Future research is needed to investigate the socio-
cultural and contextual factors influencing the effects of ex-
pressive suppression on pain in others.

Potential neural mechanisms of effect of expressive
suppression on viewing pain in others

Emotion regulation is thought to involve increases in brain
activity in prefrontal cortex regions involved in cognitive con-
trol and decreases in subcortical regions involved in emotion,
particularly the amygdala (Ochsner et al., 2012). In a fMRI
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study comparing multiple emotion regulation strategies, in-
cluding expressive suppression, Dörfel et al. (2014) reported
that detachment, expressive suppression, and distraction were
all associated with increased activity in a right prefronto-
parietal emotion regulation network and decreased activity
in the left amygdala. Our multivariate and univariate results
are consistent with these and other prior findings of reduced
activity in motor and affective-related brain regions during
expressive suppression (Dörfel et al., 2014; Ohira et al.,
2006; Vrticka et al., 2013). Specifically, we found that expres-
sive suppression to pain faces was associated with increased
activity in the vmPFC and bilateral IPL, as well as decreased
activity in the left amygdala. In terms of our multivariate pat-
tern findings, it is noteworthy that the left amygdala is prom-
inently represented with positive predictive weights (i.e., in-
creased activity predicts more negative emotion) in the PINES
pattern. Changing activity in the left amygdala may have thus
contributed to the responsiveness of the PINES to the pain
faces, as well as driven subsequent reductions in PINES re-
sponses during expressive suppression. Alternatively, the af-
fective salience of the pain faces may have been the primary
driver of amygdala activity given the amygdala’s role in
assigning affective salience to environmental stimuli (Phelps
& LeDoux, 2005; Yu et al., 2020). The IPL is implicated in
self-face recognition (Sugiura et al., 2005) and distinguishing
between self and other (Uddin, Molnar-Szakacs, Zaidel, &
Iacoboni, 2006). Activation in this region during expressive
suppression may thus reflect participants’ continuous aware-
ness of their own facial expressions (Dörfel et al., 2014). The
IPL also may function to direct attention to perceptual inputs
held in working memory (Culham & Kanwisher, 2001;
Ochsner et al., 2004). At the multivariate pattern level, the
IPL is represented with negative predictive weights (i.e., in-
creased activity predicts less negative emotion) in the PINES
pattern. Together, these results suggest that increased activity
in the vmPFC and IPL, along with decreased activity in the
left amygdala, may be potential neural mechanisms underly-
ing the effect of suppressing facial expressivity when viewing
pain in others.

Limitations

The results of the present study should be considered in the
light of several limitations. First, consistent with prior emotion
regulation studies (Dörfel et al., 2014; Staudinger, Erk, Abler,
& Walter, 2009; Staudinger, Erk, & Walter, 2011; Walter
et al., 2009), we chose to have participants complete stimulus
ratings immediately after the fMRI scan, rather than during
scanning, given prior indication that behavioral ratings of neg-
ative affective stimuli conducted during scanning may inter-
rupt amygdala activity (Hariri, Mattay, Tessitore, Fera, &
Weinberger, 2003; Lieberman et al., 2011). However, due to

time constraints on the overall length of each study session,
participants passively viewed each picture they rated but did
not also engage in expressive suppression to each picture. As a
result, we were unable to test how expressive suppression
affected stimulus ratings. Second, our emotion regulation task
did not have a condition in which participants engaged in
expressive suppression to neutral expression faces.
Therefore, we could not assess brain activity related to expres-
sive suppression separate from the emotional aspects of the
stimuli. Prior emotion regulation studies have typically ex-
cluded neutral emotion regulation conditions, however, likely
because emotion regulation studies have been historically
concerned with how responses to negative affective stimuli
are regulated (Gross, 1998). Finally, we did not include an
objective measure of facial muscle movement, such as facial
electromyography (EMG), to confirm that participants suc-
cessfully suppressed their facial expressivity when cued in
the scanner. However, in-person training conducted prior to
each fMRI scan included practice trials for participants to
demonstrate expressive suppression in front of the experi-
menter. Additionally, a camera feed (without recording abili-
ty) allowed the experimenters to observe participants’ facial
expressions during the scan at the scanning site in China,
although this was not available at the U.S. scanning site.

Conclusions

The present study is important for connecting two research
domains, emotion regulation and pain empathy, whose inter-
actions have been to date understudied. The present study
further utilizes an MVPA approach that encompasses activity
distributed across cortical and subcortical regions throughout
the brain to understand the relationship between emotion reg-
ulation and pain empathy. Our use of two different stimulus
types—faces and IAPS pictures—had the advantage of
allowing us to assess the effects of expressive suppression
independent of a single stimulus type. In addition to replicat-
ing prior neuroimaging findings on the neural correlates of
pain empathy, this study also adds to our understanding of
the neural correlates of expressive suppression, an emotion
regulation strategy that has been considerably less examined
to date using neuroimaging than other emotion regulation
strategies (Cutuli, 2014). Our findings suggest that a conse-
quence of suppressing facial expressivity in response to the
pain of others may be a reduction in the affective aspect of
pain empathy but not the experience of vicarious pain itself.
Applied to medical settings, our findings suggest that expres-
sive suppression may be an effective strategy for reducing the
negative emotion associated with observing pain in others.
Future studies with physician and patient samples are needed
to understand the neurobiological and behavioral
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consequences of engaging in expressive suppression when
viewing pain in others in medical settings.
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