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State anxiety is common in our life and has a significant impact on our emotion,
cognition and behavior. Previous studies demonstrate that people in a negative mood
are associated with low sympathy and high personal distress. However, it is unknown
how state anxiety regulates empathic responses so far. Here, we recorded event-related
brain potentials (ERP) from the experimental group who were in state anxiety and the
control group when they were watching painful and neutral pictures. Participants in
the experimental group and the control group were asked to do the same mental
arithmetic problems. The only difference was that the experimental group had time
restriction and was evaluated by the observer. The results showed that no significant
N2 differentiation between painful and neutral stimuli was found in both groups. In
contrast, LPP amplitudes induced by painful stimuli were significantly larger than that
of neutral stimuli in the control group, but not in the experimental group. Our results
indicate that state anxiety inhibit empathic responses from the early emotional sharing
stage to the late cognitive evaluation stage. It provides neuroscientific evidence that
one’s own emotional state will have an important impact on empathy.
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INTRODUCTION

Empathy is the capacity to share feelings and understand emotions or ideas of other people (Loggia
et al., 2008; Singer and Lamm, 2009; Betti and Aglioti, 2016). It helps us understand others’ thoughts
and emotional states, facilitate social communication and motivate prosocial behavior in our daily
life (Acevedo et al., 2012). Due to the important role in individuals’ social interaction, empathy has
become a research hotspot in the field of psychology and neuroscience (Chiao and Mathur, 2010;
Fox et al., 2013; Keysers and Gazzola, 2014; Luo et al., 2015; Abraham et al., 2017). One interesting
aspect of empathy is that how our own experiences and individual differences influence our ability
to empathize with others. Some studies demonstrate that empathic responses are modulated by the
relationship between the object and the observer, such as competitive relationship (Yamada et al.,
2011; Wang et al., 2014; Gonzalez-Liencres et al., 2016), perceiving fairness of others (Singer et al.,
2006), as well as in-group and out-group membership (Chiao and Mathur, 2010; Hein et al., 2010;
Cheon et al., 2013). Other studies further find that the observer’s emotional states have significant
impacts on empathic responses. People in a positive mood are more likely to focus on others’ needs
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and have a tendency to share others’ feelings (Eisenberg, 2000;
Light et al., 2009). Conversely, people in a negative mood are
associated with low sympathy and high personal distress (Liew
et al., 2011).

State anxiety is an unpleasant emotional arousal when facing
the dangers or threatening situations (Spielberger, 1972; Muris
et al., 2008). It is a typical negative emotion induced by a
cognitive appraisal of the threat (Lazarus, 2014) and has an
impact on human’s emotion, cognition and behavior (Shackman
et al., 2011). For example, a neuroimaging study conducted
by Goldin et al. (2009) found that compared with anxiety
participants, healthy controls had greater BOLD signal in
regions implicated in attention processing (medial precuneus,
left inferior parietal lobule, and right supramarginal gyrus),
cognitive control (dorsolateral PFC, dorsal ACC), attention
areas (bilateral dorsal parietal), visual feature detection (bilateral
fusiform, superior temporal gyrus). Another behavioral study
compared the capacity of emotion recognition of individuals
who experienced aversive social events in an experimental group
designed to increase state anxiety and to a control group
(Auyeung and Alden, 2016). Participants were asked to rate the
feeling of the targets in videos when discussing high school events
in which they were either socially included or excluded. The
results showed that participants who had been induced state
anxiety were associated with greater accuracy recognition task.

Current models of empathy for pain involves affective and
cognitive components (Decety and Jackson, 2004; Decety and
Moriguchi, 2007). Affective empathy refers to an alternative or
similar emotion for others, implicating emotional contagion,
and affective sharing (Blair, 2005; Decety et al., 2010; Groen
et al., 2013). Cognitive component is an advanced cognitive
process that allows people to adopt others’ views to understand
their emotional state, distinguish their feelings from one’s own,
and integrate all information to guide interpersonal behavior
eligibly (Michaels et al., 2014). Accordingly, recent ERP studies
proved that the temporal dynamics of pain empathy consists
of an early emotional sharing component (frontal N2) and a
late cognitive evaluation component (centroparietal P3 or LPP)
(Fan and Han, 2008; Escobar et al., 2014; Fan et al., 2014). State
anxiety is common in our life, which affects our emotion and
cognition. But so far, it is not known how state anxiety regulates
empathic responses and at what stage of information processing
this regulation occurs.

To explore this question, we recorded event-related brain
potentials from the experimental group who were in state
anxiety and the control group when they were watching painful
and neutral pictures. Previous studies found that state anxiety
could be induced by taking an intelligence test, especially being
watched while performing the tasks (Chajut and Algom, 2003;
Auyeung and Alden, 2016; Tomova et al., 2017). Here, we asked
participants in the experimental group and the control group to
do the same mental arithmetic problems. The only difference
was that the experimental group had time restriction and was
evaluated by the observer. State anxiety affects our emotional
responses and cognitive processing (Hermans et al., 2014).
Moreover, individuals who are in bad moods have difficulty in
focusing on others’ situations and needs (Baroncohen et al.,

2004). Thus, we hypothesized that empathic responses might not
be observed at early emotional sharing (N2) and late controlled
cognitive (LPP) stages in the experimental group, but not the
control group. If this is the case, we anticipated state anxiety
participants showed no difference in ERP responses between
painful and neutral stimuli.

MATERIALS AND METHODS

Participants
Thirty-eight healthy college students (19 males and 19 females,
M = 20.87, SD = 2.17) were recruited in the study and signed
the written informed consents. All participants were right-
handed, with normal or corrected to normal vision, and reported
no history of neurological or psychiatric disorders. They were
randomly assigned to the experimental group or the control
group. The experimental group included 19 participants (10
males and 9 females, M = 21.27, SD = 2.52), and the control
group consisted of 19 participants (9 males and 10 females,
M = 20.37, SD = 1.67). The study was approved by the Ethics
Committee of South China Normal University. The procedure of
the experiment was consistent with the principles of international
researches involving human subjects in the Declaration of
Helsinki (World Medical Organization, 1999).

Visual Stimuli
Similar to those in previous ERP studies (Fan and Han, 2008;
Decety et al., 2010), the stimuli consisted of 60 different digital
color pictures showing one hand or two hands in painful and no-
painful situations, 30 in each category. Painful pictures included
situations such as a hand trapped in a door or cut by the scissors.
Each painful picture was matched with a neutral picture that
showed one or two hands in situations that, although similar in
contexts, did not imply any pain. The stimuli were present at
the center of a 17-in. color monitor with a white background.
Each stimulus was a 10 cm × 7.6 cm (width × height) picture,
subtending a visual angle of 7.5◦

× 5.5◦ at a viewing distance of
100 cm.

Experimental Procedure
At the beginning of the experiment, participants were asked to fill
out the State Anxiety Inventory (S-AI) in the State-Trait Anxiety
Inventory (Spielberger, 1970) and Interpersonal Reactivity Index
(IRI) (Davis, 1983). S-AI is a 4-point scale which consists of 20
items (10 positive items and 10 negative items) and are mainly
used for assessing the individual’s fear, tension, anxiety, neurotic
experience at present or recent a specific time. IRI is a 5-point
scale which contains four subscales related to perspective taking
(PT), fantasy scale (FS), empathic concern (EC) and personal
distress (PD).

Before the ERP recording session, participants in the
experimental group and the control group were asked to do the
same mental arithmetic problems (add, subtract, multiply and
divide of numbers short than 10). The only difference was that
the experimental group had time restriction and was evaluated
by the observer. To ensure that the manipulation induced state
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anxiety successful and continued through the experiment, each
participant was required to rate anxiety level by a 7-point
scale (1 = no anxiety, 7 = extremely high anxiety) after the
mathematical task, as well as before and after the experiment.

The ERP recordings consisted of four blocks. Each block
included 45 trials. Each trial started with a red fixation cross
presented on a white background for 500 ms. Then, a blank white
background appeared 1500–2000 ms, which was followed by a
picture of the painful or neutral situation for 1000 ms. The order
of the trial condition (pain, non-pain) was randomized. Finally, a
question marked appeared on the screen and participants were
asked to identify the content of the stimuli (painful or no-
painful). The question marked was terminated either by pressing
a button or after 3000 ms. After ERP recording, participants
were asked to rate distress experienced by people in the pictures
(other) and by themselves (self) using a 7-point scale (1 = no pain,
7 = great pain).

ERP Recording and Analysis
EEG was continuously recorded using Brain Vision Recorder
(BrainProducts) from 64 scalp electrodes that were mounted on
an elastic cap in accordance to 10–20 system, with the references
on the left and right mastoids and a ground electrode on the
medial frontal aspect. Eye blinks and vertical eye movements
were monitored with electrodes located above and below the
left eye. The horizontal EOG was recorded from electrodes
positioned 1.5 cm lateral to the left and the right external canthi.
The EEG activity was amplified with a 0.01–00 Hz online band-
pass filter and digitized at a 500 Hz sampling rate. All electrode
impedances were kept below 5 �. The ERPs were computed off-
line using Brain Vision Analyzer 2.0 software (Brain Products,
Germany) (Fritsch and Kuchinke, 2013). The data under each
condition were averaged separately off-line, and each epoch
continued for 1200 ms with 200 ms before the picture onset
for baseline correction. A band-pass filter of 0.01–0 Hz was
applied offline to the EEG data. We used independent component
analysis (ICA) to remove artifacts. Trials contaminated by eye
blinks, eye movements, or muscle potentials exceeded ±100 V at
any electrode were excluded from averaging.

The ERP components were chosen according to visual
inspection of the grand-average data as well as prior the results
of previous studies (Luo et al., 2013; Cheng et al., 2014; Choi
and Watanuki, 2014). N2 (200–250 ms) component was observed
predominately in the frontal and central regions, and LPP (350 –
750 ms) component was distributed broadly in the scalp. Thus,
we averaged the electrodes for each region of interest to obtain
the mean amplitudes for N2 and LPP. The frontal (Fz, F1, F2,
F3, F4) and central (Cz, C1, C2, C3, C4) regions were included
for N2 analysis. The frontal (Fz, F1, F2, F3, F4), central (Cz,
C1, C2, C3, C4) and parietal (Pz, P1, P2, P3, P4) regions were
used for LPP analysis. Three-way ANOVA was conducted for
N2 and LPP components. There was one between-group factor
(group: experimental group and control group), and two within-
group factors (stimuli: painful and neutral pictures; electrode
distribution: frontal, central and parietal regions). The dependent
variable was the mean ERP amplitude of each component at

each electrode. Degrees of freedom were corrected with the
Greenhouse-Geisser method.

RESULTS

Behavioral Results
The mean scores and standard errors for each subscale of IRI,
S-AI and self-reported anxiety level were presented in Table 1.
The results revealed that there were no significant differences
between the experimental group and the control group on self-
reported IRI scores and S-AI (ps > 0.05). We used independent
sample t-test to compare the self-rating anxiety scores of the
experimental group and the control group (Figure 1). There
was no significant difference between the two groups before
experiment (t = −1.336, p > 0.05). As expected, self-reported
anxiety scores of the experimental group were significantly higher
than that of the control group after the mental arithmetic task
(t = 3.275, p < 0.05). Such significant difference lasted until the
end of the experiment (t = 2.166, p < 0.05). The results indicated
that the manipulation of state anxiety was successful.

Table 2 showed the mean scores and standard deviation
of subjective ratings of other-distress and self-distress. A 2
(group: experimental group and control group) × 2 (stimuli:
pain and neutral) × 2 (perspective: other and self) ANOVA
was conducted. There was a significant main effect of stimuli
[F(1,36) = 560.160, p < 0.001, η2 = 0.841], group [F(1,36) = 7.073,
p < 0.05, η2 = 0.010] and perspective [F(1,36) = 8.356,
p < 0.05, η2 = 0.012]. A two-way interaction between stimuli
and perspective [F(1,36) = 5.821, p < 0.05, η2 = 0.008] was
significant. The simple effect of perspective was significant when
viewing the painful pictures (t = 2.712, p < 0.05), but not viewing
the neutral pictures (t = 2.011, p > 0.05). Post hoc analysis
was conducted and confirmed that the rating scores of other-
distress were significantly higher than that of self-distress in
painful condition. Furthermore, the interaction between stimuli
and group [F(1,36) = 4.079, p = 0.051, η2 = 0.006] was marginally

TABLE 1 | Descriptive statistic for the subscales (IRI and S-AI) and self-report
anxiety scores in the experimental group and the control group.

Experimental group Control group

Mean SD Mean SD

IRI subscale

IRI-PT 13.05 2.72 12.10 3.05

IRI-FS 16.26 4.59 16.26 4.64

IRI-EC 18.11 2.96 17.21 3.46

IRI-PD 7.16 4.61 7.58 3.75

S-AI 39.37 7.88 37.16 8.45

Self-report anxiety scores

Before the experiment 2.21 1.51 2.95 1.87

After the arithmetic task 4.63 1.46 2.89 1.79

After the experiment 4.11 1.45 3.05 1.54

PT, perspective taking; FS, fantasy scale; EC, empathic concern; PD, personal
distress; S-AI, state anxiety inventory.
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FIGURE 1 | Self-reported anxiety scores in the control and experimental group before the experiment, after the mental arithmetic task and after the experiment.
∗p < 0.05, ∗∗p < 0.01.

significant. The simple effect of group was significant when
painful pictures were presented (t = −2.389, p < 0.05). Post hoc
analysis showed that the control group reported higher pain
scores than the experimental group. However, such difference
did not appear in neutral condition (t = −0.859, p > 0.05).
The results suggested that anxious individuals paid less attention
to painful stimuli and underestimated the distress, regardless of
perspective.

TABLE 2 | Descriptive statistic of subjective ratings of other-distress and
self-distress when watching painful and neutral stimuli.

Other-distress Self-distress

Painful Neutral Painful Neutral

Group M SD M SD M SD M SD

Experimental
group

5.04 1.00 1.20 0.02 4.52 1.46 1.14 0.19

Control group 5.72 0.79 1.28 0.47 5.38 1.08 1.24 0.42

TABLE 3 | Mean amplitudes (µV) and standard error in each condition at N2
(200–250 ms) and LPP (350–750 ms).

Group N2 (200–250 ms) LPP (350–750 ms)

Painful Neutral Painful Neutral

Experimental
group

Frontal regions −0.71 ± 3.89 −0.43 ± 4.00 3.83 ± 4.11 3.59 ± 4.43

Central regions 0.93 ± 3.15 1.14 ± 2.94 6.30 ± 4.35 5.65 ± 4.44

Parietal regions 6.20 ± 4.41 4.97 ± 4.21

Control group

Frontal regions −3.22 ± 3.45 −3.11 ± 2.99 6.52 ± 5.56 4.42 ± 4.66

Central regions −1.09 ± 2.62 −1.10 ± 2.67 8.82 ± 3.79 6.34 ± 3.46

Parietal regions 8.08 ± 2.51 5.38 ± 3.28

ERP Results
Table 3 showed the mean amplitudes and standard error in
each condition at N2 (200–250 ms) and LPP (350–750 ms).
The averaged ERPs at frontal, central and parietal regions and
the voltage topographies were presented in Figure 2. For the
N2 component, N2 amplitudes were analyzed by a 2 (group:
experimental group and control group) × 2 (stimuli: painful
and neutral pictures) × 2 (electrode distribution: frontal regions
and central regions) ANOVA. The analysis found a reliable main
effect of group [F(1,34) = 6.064, p < 0.05), η2 = 0.114] and
electrode distribution [F(1,34) = 32.887, p < 0.05, η2 = 0.068].
But the main effect of stimuli was not significant [F(1,34) = 0.258,
p > 0.05]. Post hoc analysis found that when participants viewed
stimuli including painful and neutral pictures, the experimental
group elicited smaller negative deflection than the control group.
Moreover, N2 amplitudes was induced larger negative deflection
in the frontal region than that in the central region. No other
interaction was found to be significant.

LPP amplitudes were analyzed by a 2 (group: experimental
group and control group) × 2 (stimuli: painful and neutral
pictures) × 3 (electrode distribution: frontal regions, central
regions, and parietal regions) ANOVA. The main effect of stimuli
[F(1,36) = 47.781, p < 0.05, η2 = 0.033] and electrode distribution
[F(2,72) = 7.130, p < 0.05, η2 = 0.045] were significant.
The interaction between stimuli and group [F(1,36) = 14.384,
p < 0.05, η2 = 0.009] was significant. The simple effect
of stimuli was significant in the control group (t = 8.034,
p < 0.05), but not in the experimental group (t = 2.092,
p > 0.05). In the control group, pairwise comparison found
painful stimuli elicited larger LPP than neutral stimuli. However,
in the experimental group, pairwise comparison showed that
there was no significant LPP difference between the painful and
neutral stimuli. The interaction between stimuli and electrode
distribution [F(2,72) = 12.238, p < 0.05, η2 = 0.001] was
significant. The simple effect of stimuli was significant at frontal
regions (t = 3.907, p < 0.05), central regions (t = 5.588, p < 0.05)
and parietal regions (t = 7.583, p < 0.05). Post hoc analysis found
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FIGURE 2 | Grand averages of ERPs at Frontal regions, Central regions, and Parietal regions when watching painful pictures in the control group (black solid line),
painful pictures in the experimental group (red solid line), neutral pictures in the control group (black dotted line), and neutral pictures in the experimental group (red
dotted line). The voltage topographies illustrate the scalp distribution of N2 and LPP components.
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that painful stimuli elicited larger LPP than neutral stimuli in
all three regions (ps < 0.05). No other interaction was found
to be significant. To investigate whether the electrophysiological
activity elicited by the painful stimuli at late cognitive stage was
correlated with subjective evaluation of distress, we calculated
the correlation between the mean amplitudes of LPP component
and subjective ratings of other-distress and self-distress. The
results showed that the correlations were significant in the
control group (other-distress: r = 0.487, p < 0.05; self-distress:
r = 0.651, p < 0.05), but not in the experimental group
(other-distress: r = −0.017, p > 0.05; self-distress: r = 0.413,
p > 0.05).

DISCUSSION

This study examined the effect of state anxiety on empathic
responses. The results showed that there was no significant
N2 differentiation between painful and neutral stimuli in both
groups. As for late centroparietal LPP component, the amplitudes
were significantly larger while watching the painful pictures
than neutral pictures in the control group. In contrast, no
such late ERP responses were detected in the experimental
group. This suggests the absence of pain empathic responses
at late controlled cognitive stage when someone is in state
anxiety. The behavioral results showed that the experimental
group rated lower subjective scores for other-distress and self-
distress than the control group when watching painful stimuli.
The correlation analysis indicated that LPP was correlated with
subjective evaluation of distress in the control group, but not
in the experimental group. Our study provides neuroscientific
evidence that state anxiety down-regulate empathic responses
to others’ pain. This suggests that the regulatory factors of
empathy include not only external relationship between the
observer and the target, but also one’s own internal emotional
state.

N2 results found that there was no significant difference
in sensory information processing when watching painful and
neutral stimuli, regardless of group type. This indicates that there
is no difference in processing of painful and neutral stimuli
in both the experimental group and the control group. Our
result is inconsistent with previous studies which demonstrated
that negative stimuli elicited significant smaller N2 amplitudes
than neutral stimuli (Luo et al., 2013, 2014). N2 reflects
affective sharing or affective arousal in current models of
empathy for pain, using significant difference in ERP response
between painful stimuli and non-painful stimuli as an index
(Decety et al., 2010; Cheng et al., 2014). According to the
subjective anxiety scores, the control group also had low anxiety
although they were asked to complete the mathematical task
without observation and time restriction. Negative emotional
state is associated with low sympathy (Liew et al., 2011). One
possible explanation is that affective sharing in both groups
was hindered by state anxiety induced by the experimental
environment (Klados et al., 2017). We also found that N2
amplitudes were less enhanced in the experimental group
than in the control group. Previous research demonstrated

that individuals with high state anxiety enhanced vigilance
for threat information compared with individuals in low state
anxiety (Bradley et al., 2000). Thus, the stimuli were processed
more easily in the experimental group relative to the control
group.

LPP can be used as objective indicator of attention activity
when the stimuli are presented (Foti and Hajcak, 2008; Hajcak
and Olvet, 2008) and is more positive in response to emotional
stimuli than to neutral stimuli (Cuthbert et al., 2000; Weinberg
et al., 2012). The increase of LPP is positively related to
increased attention to stimuli (Weinberg and Hajcak, 2011).
Our results showed that painful stimuli induced larger LPP
amplitudes than neutral stimuli in control group, but not
in the experimental group. Attention allocation may have
contributed to the difference in the neural dynamics between
the experimental group and the control group noted here. The
Attentional Control Theory (ACT) suggests that anxiety impairs
the efficient functioning of the goal-directed attentional system
and reduces the ability of attentional control, especially in the
presence of threat-related distracting stimuli (Eysenck et al.,
2007; Rossi and Pourtois, 2017). According to ACT, anxiety
has negative impact on the ability to allocate attentional and
cognitive resources to painful stimuli and elicited small LPP
amplitudes. That may be the reason why empathic responses
disappear at LPP stage in the experimental group, but not
in the control group. Besides that, we found the correlations
between LPP amplitudes and subjective ratings of distress
were significant only in the control group. High empathy is
related to high ratings of distress while someone observes
another individual receiving painful treatment (Loggia et al.,
2008). In addition, the correlation between ERP responses
and subjective feelings of others’ pain has been reported to
be significant when empathic responses are obvious (Fan and
Han, 2008; Cheng et al., 2012). Thus, our results indicate
that empathic responses are down-regulated by state anxiety in
the experimental group. However, empathic responses are still
induced by pain stimuli in the control group at the late cognitive
stage.

In conclusion, our study investigate how empathic responses
are affected by one’s state anxiety. The results showed that
no significant N2 and LPP difference was found when
processing of painful and neutral stimuli in the experimental
group, which suggested that state anxiety down-regulated the
sensory processing elicited by the perception of other’s pain
as well as cognitive regulatory processing elicited by the
evaluation of other’s pain. This indicates that our ability to
empathize with others in pain is hindered by state anxiety.
Our results are consistent with previous researches which
demonstrate that one’s own emotional state has an important
impact on empathy (Light et al., 2009; Liew et al., 2011;
Hermans et al., 2014). The current ERP study provides new
neuroscientific viewpoints into how state anxiety affects the
ability to experience empathy for pain. Unfortunately, there
are some limitations in the present study. One limitation
is that we manipulated the level of state anxiety through
mental arithmetic task in different groups, unfortunately, we
found that participants in the control group were induced
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low state anxiety. This may affect the results of our study.
The most obvious is that empathic responses in N2 stage is
not significant in controls. Another limitation is that we have
not included a third group of participants with significant
difference in the S-AI scores, which limits the generalization and
application of the results. For future studies, it is recommended
to take into account how to control the levels of state anxiety
and establish experimental situation of more ecological validity,
so that we can get more objective and scientific research
results.

ETHICS STATEMENT

This study was carried out in accordance with the
recommendations of the Academic Committee of South
China Normal University with written informed consent from
all subjects. All subjects gave written informed consent in
accordance with the Declaration of Helsinki. The protocol was
approved by the Academic Committee of South China Normal
University.

AUTHOR CONTRIBUTIONS

PL, MZ, and XZ designed the experiments and worked on the
final version of the manuscript. JJ and XW collected and analyzed
the data. All authors have read and approved the manuscript.

FUNDING

This study was funded by the Natural Science Foundation of
China (31771218), the Project of Key Institute of Humanities and
Social Sciences, MOE (17JJD190001), and the China Scholarship
Council. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the
manuscript.

ACKNOWLEDGMENTS

We thank the Psychological Services and Counseling Base for the
Happy Guangzhou Project for the data collection.

REFERENCES
Abraham, E., Raz, G., Zagoory-Sharon, O., and Feldman, R. (2017). Empathy

networks in the parental brain and their long-term effects on children’s
stress reactivity and behavior adaptation. Neuropsychologia 116(Pt A), 75–85.
doi: 10.1016/j.neuropsychologia.2017.04.015

Acevedo, B. P., Aron, A., Fisher, H. E., and Brown, L. L. (2012). Neural correlates
of marital satisfaction and well-being: reward, empathy, and affect. Clin
Neuropsychiatry 9, 20–31.

Auyeung, K. W., and Alden, L. E. (2016). Social anxiety and empathy
for social pain. Cogn. Ther. Res. 40, 38–45. doi: 10.1007/s10608-015-9
718-0

Baroncohen, S., Richler, J., Bisarya, D., Gurunathan, N., and Wheelwright, S.
(2004). The systemizing quotient: an investigation of adults with Asperger
syndrome or high–functioning autism, and normal sex differences. Philos.
Trans. R. Soc. Lond. B. Biol. Sci. 358, 361–374. doi: 10.1098/rstb.2002.
1206

Betti, V., and Aglioti, S. M. (2016). Dynamic construction of the neural
networks underpinning empathy for pain. Neurosci. Biobehav. Rev. 63, 191–206.
doi: 10.1016/j.neubiorev.2016.02.009

Blair, R. J. (2005). Responding to the emotions of others: dissociating forms of
empathy through the study of typical and psychiatric populations. Conscious
Cogn. 14:698. doi: 10.1016/j.concog.2005.06.004

Bradley, B. P., Mogg, K., and Millar, N. H. (2000). Covert and overt orienting of
attention to emotional faces in anxiety. Cogn. Emot. 14, 789–808. doi: 10.1080/
02699930050156636

Chajut, E., and Algom, D. (2003). Selective attention improves under stress:
implications for theories of social cognition. J. Pers. Soc. Psychol. 85, 231–248.
doi: 10.1037/0022-3514.85.2.231

Cheng, Y., Chen, C., and Decety, J. (2014). An EEG/ERP investigation
of the development of empathy in early and middle childhood.
Dev. Cogn. Neurosci. 10, 160–169. doi: 10.1016/j.dcn.2014.
08.012

Cheng, Y., Hung, A. Y., and Decety, J. (2012). Dissociation between affective
sharing and emotion understanding in juvenile psychopaths. Dev. Psychopathol.
24, 623–636. doi: 10.1017/S095457941200020X

Cheon, B. K., Im, D. M., Harada, T., Kim, J. S., Mathur, V. A., Scimeca, J. M.,
et al. (2013). Cultural modulation of the neural correlates of emotional pain
perception: the role of other-focusedness. Neuropsychologia 51, 1177–1186.
doi: 10.1016/j.neuropsychologia.2013.03.018

Chiao, J. Y., and Mathur, V. A. (2010). Intergroup empathy: how does race affect
empathic neural responses? Curr. Biol. 20, 478–480. doi: 10.1016/j.cub.2010.0
4.001

Choi, D., and Watanuki, S. (2014). Effect of empathy trait on attention to
faces: an event-related potential (ERP) study. J. Physiol. Anthropol. 33, 4–12.
doi: 10.1186/1880-6805-33-4

Cuthbert, B. N., Schupp, H. T., Bradley, M. M., Birbaumer, N., and Lang,
P. J. (2000). Brain potentials in affective picture processing: covariation with
autonomic arousal and affective report. Biol. Psychol. 52, 95–111. doi: 10.1016/
S0301-0511(99)00044-7

Davis, M. H. (1983). Measuring individual differences in empathy: evidence for
a multidimensional approach. J. Pers. Soc. Psychol. 44, 113–126. doi: 10.1037/
0022-3514.44.1.113

Decety, J., and Jackson, P. L. (2004). The functional architecture of
human empathy. Behav. Cogn. Neurosci. Rev. 3, 71–100. doi: 10.1177/
1534582304267187

Decety, J., and Moriguchi, Y. (2007). The empathic brain and its dysfunction in
psychiatric populations: implications for intervention across different clinical
conditions. Biopsychosoc. Med. 1, 22–43. doi: 10.1186/1751-0759-1-22

Decety, J., Yang, C. Y., and Cheng, Y. (2010). Physicians down-regulate their
pain empathy response: an event-related brain potential study. Neuroimage 50,
1676–1682. doi: 10.1016/j.neuroimage.2010.01.025

Eisenberg, N. (2000). Emotion, regulation, and moral development. Annu. Rev.
Psychol. 51, 665–697. doi: 10.1146/annurev.psych.51.1.665

Escobar, M. J., Huepe, D., Decety, J., Sedeño, L., Messow, M. K., Baez, S., et al.
(2014). Brain signatures of moral sensitivity in adolescents with early social
deprivation. Sci Rep. 4:5354. doi: 10.1038/srep05354

Eysenck, M. W., Derakshan, N., Santos, R., and Calvo, M. G. (2007). Anxiety
and cognitive performance: attentional control theory. Emotion 7, 336–353.
doi: 10.1037/1528-3542.7.2.336

Fan, Y., and Han, S. (2008). Temporal dynamic of neural mechanisms involved in
empathy for pain: an event-related brain potential study. Neuropsychologia 46,
160–173. doi: 10.1016/j.neuropsychologia.2007.07.023

Fan, Y. T., Chen, C., Chen, S. C., Decety, J., and Cheng, Y. (2014). Empathic
arousal and social understanding in individuals with autism: evidence from
fMRI and ERP measurements. Soc. Cogn. Affect. Neurosci. 9, 1203–1213. doi:
10.1093/scan/nst101

Foti, D., and Hajcak, G. (2008). Deconstructing reappraisal: descriptions preceding
arousing pictures modulate the subsequent neural response. J. Cogn. Neurosci.
20, 977–988. doi: 10.1162/jocn.2008.20066

Frontiers in Human Neuroscience | www.frontiersin.org 7 December 2018 | Volume 12 | Article 502

https://doi.org/10.1016/j.neuropsychologia.2017.04.015
https://doi.org/10.1007/s10608-015-9718-0
https://doi.org/10.1007/s10608-015-9718-0
https://doi.org/10.1098/rstb.2002.1206
https://doi.org/10.1098/rstb.2002.1206
https://doi.org/10.1016/j.neubiorev.2016.02.009
https://doi.org/10.1016/j.concog.2005.06.004
https://doi.org/10.1080/02699930050156636
https://doi.org/10.1080/02699930050156636
https://doi.org/10.1037/0022-3514.85.2.231
https://doi.org/10.1016/j.dcn.2014.08.012
https://doi.org/10.1016/j.dcn.2014.08.012
https://doi.org/10.1017/S095457941200020X
https://doi.org/10.1016/j.neuropsychologia.2013.03.018
https://doi.org/10.1016/j.cub.2010.04.001
https://doi.org/10.1016/j.cub.2010.04.001
https://doi.org/10.1186/1880-6805-33-4
https://doi.org/10.1016/S0301-0511(99)00044-7
https://doi.org/10.1016/S0301-0511(99)00044-7
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1037/0022-3514.44.1.113
https://doi.org/10.1177/1534582304267187
https://doi.org/10.1177/1534582304267187
https://doi.org/10.1186/1751-0759-1-22
https://doi.org/10.1016/j.neuroimage.2010.01.025
https://doi.org/10.1146/annurev.psych.51.1.665
https://doi.org/10.1038/srep05354
https://doi.org/10.1037/1528-3542.7.2.336
https://doi.org/10.1016/j.neuropsychologia.2007.07.023
https://doi.org/10.1093/scan/nst101
https://doi.org/10.1093/scan/nst101
https://doi.org/10.1162/jocn.2008.20066
https://www.frontiersin.org/journals/human-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles


fnhum-12-00502 December 10, 2018 Time: 16:43 # 8

Luo et al. State Anxiety and Empathic Responses

Fox, G. R., Sobhani, M., and Azizzadeh, L. (2013). Witnessing hateful people in pain
modulates brain activity in regions associated with physical pain and reward.
Front. Psychol. 4, 772–785. doi: 10.3389/fpsyg.2013.00772

Fritsch, N., and Kuchinke, L. (2013). Acquired affective associations induce
emotion effects in word recognition: an ERP study. Brain Lang. 124, 75–83.
doi: 10.1016/j.bandl.2012.12.001

Goldin, P., Manber, T. S., Canli, T., and Gross, J. (2009). Neural bases of
social anxiety disorder: emotional reactivity and cognitive regulation during
social and physical threat. Arch. Gen. Psychiatry 66, 170–180. doi: 10.1001/
archgenpsychiatry.2008.525

Gonzalez-Liencres, C., Breidenstein, A., Wolf, O. T., and Brüne, M. (2016). Sex-
dependent effects of stress on brain correlates to empathy for pain. Int. J.
Psychophysiol. 105, 47–56. doi: 10.1016/j.ijpsycho.2016.04.011

Groen, Y., Wijers, A. A., Tucha, O., and Althaus, M. (2013). Are there
sex differences in ERPs related to processing empathy-evoking pictures?
Neuropsychologia 51, 142–155. doi: 10.1016/j.neuropsychologia.2012.11.012

Hajcak, G., and Olvet, D. M. (2008). The persistence of attention to emotion:
brain potentials during and after picture presentation. Emotion 8, 250–255.
doi: 10.1037/1528-3542.8.2.250

Hein, G., Silani, G., Preuschoff, K., Batson, C. D., and Singer, T. (2010). Neural
responses to ingroup and outgroup members’ suffering predict individual
differences in costly helping. Neuron 68, 149–160. doi: 10.1016/j.neuron.2010.
09.003

Hermans, E. J., Henckens, M. J., Joëls, M., and Fernández, G. (2014). Dynamic
adaptation of large-scale brain networks in response to acute stressors. Trends
Neurosci. 37, 304–314. doi: 10.1016/j.tins.2014.03.006

Keysers, C., and Gazzola, V. (2014). Dissociating the ability and propensity for
empathy. Trends Cogn. Sci. 18, 163–166. doi: 10.1016/j.tics.2013.12.011

Klados, M. A., Pandria, N., Micheloyannis, S., Margulies, D., and Bamidis, P. D.
(2017). Math anxiety: brain cortical network changes in anticipation of doing
mathematics. Int. J. Psychophysiol. 122, 24–31. doi: 10.1016/j.ijpsycho.2017.
05.003

Lazarus, R. S. (2014). Emotion and adaptation. J. Nerv. Ment. Dis. 181, 17–23.
Liew, J., Eisenberg, N., Spinrad, T. L., Eggum, N. D., Haugen, R. G., and

Kupfer, A. (2011). Physiological regulation and fearfulness as predictors of
young children’s empathy-related reactions. Soc. Dev. 20, 111–113. doi: 10.1111/
j.1467-9507.2010.00575.x

Light, S. N., Coan, J. A., Zahn-Waxler, C., Frye, C., Goldsmith, H. H., and Davidson,
R. J. (2009). Empathy is associated with dynamic change in prefrontal brain
electrical activity during positive emotion in children. Child Dev. 80, 1210–1231.
doi: 10.1111/j.1467-8624.2009.01326.x

Loggia, M. L., Mogil, J. S., and Bushnell, M. C. (2008). Empathy hurts: compassion
for another increases both sensory and affective components of pain perception.
Pain 136, 168–176. doi: 10.1016/j.pain.2007.07.017

Luo, P., Qu, C., Chen, X., Zheng, X., and Jiang, Y. (2013). A comparison of
counselors and matched controls in maintaining different brain responses to
the same stimuli under the self-perspective and the other-perspective. Brain
Imaging Behav. 7, 188–195. doi: 10.1007/s11682-012-9214-z

Luo, P., Wang, J., Jin, Y., Huang, S., Xie, M., Deng, L., et al. (2015). Gender
differences in affective sharing and self-other distinction during empathic
neural responses to others’ sadness. Brain Imaging Behav. 9, 312–322.
doi: 10.1007/s11682-014-9308-x

Luo, P., Zheng, X., Chen, X., Li, Y., Wang, J., Deng, L., et al. (2014). Sex differences
in affective response to different intensity of emotionally negative stimuli: an
event-related potentials study. Neurosci. Lett. 578, 85–89. doi: 10.1016/j.neulet.
2014.06.032

Michaels, T. M., Horan, W. P., Ginger, E. J., Martinovich, Z., Pinkham, A. E., and
Smith, M. J. (2014). Cognitive empathy contributes to poor social functioning
in schizophrenia: evidence from a new self-report measure of cognitive and
affective empathy. Psychiatry Res. 220, 803–810. doi: 10.1016/j.psychres.2014.
08.054

Muris, P., Vermeer, E., and Horselenberg, R. (2008). Cognitive development and
the interpretation of anxiety-related physical symptoms in 4–13-year-old non-
clinical children. J. Behav. Ther. Exp. Psychiatry 39, 73–86. doi: 10.1016/j.jbtep.
2006.10.014

Rossi, V., and Pourtois, G. (2017). Someone’s lurking in the dark: the role of state
anxiety on attention deployment to threat-related stimuli. Biol. Psychol. 122,
21–32. doi: 10.1016/j.biopsycho.2015.10.014

Shackman, A. J., Maxwell, J. S., Mcmenamin, B. W., Greischar, L. L., and Davidson,
R. J. (2011). Stress potentiates early and attenuates late stages of visual
processing. J. Neurosci. 31, 1156–1161. doi: 10.1523/JNEUROSCI.3384-10.2011

Singer, T., and Lamm, C. (2009). The social neuroscience of empathy. Ann. N. Y.
Acad. Sci. 1156, 81–96. doi: 10.1111/j.1749-6632.2009.04418.x

Singer, T., Seymour, B., O’Doherty, J. P., Stephan, K. E., Dolan, R. J., and Frith, C. D.
(2006). Empathic neural responses are modulated by the perceived fairness of
others. Nature 439, 466–469. doi: 10.1038/nature04271

Spielberger, C. D. (1970). STAI manual for the state-trait anxiety inventory. Self
Eval. Questionnaire 4, 1–24.

Spielberger, C. D. (1972). Anxiety: current trends in theory and research.
Anxiety Curr. Trends Theory Res. 1, 23–49. doi: 10.1016/B978-0-12-657401-2.50
008-3

Tomova, L., Majdandžiæ, J., Hummer, A., Windischberger, C., Heinrichs, M., and
Lamm, C. (2017). Increased neural responses to empathy for pain might explain
how acute stress increases prosociality. Soc. Cogn. Affect. Neurosci. 12, 401–408.
doi: 10.1093/scan/nsw146

Wang, Y., Yuan, B., Roberts, K., Wang, Y., Lin, C., and Simons, R. F. (2014). How
friendly is a little friendly competition? Evidence of self-interest and empathy
during outcome evaluation. Int. J. Psychophysiol. 91, 155–162. doi: 10.1016/j.
ijpsycho.2013.10.009

Weinberg, A., and Hajcak, G. (2011). The late positive potential predicts
subsequent interference with target processing. J. Cogn. Neurosci. 23, 2994–
3007. doi: 10.1162/jocn.2011.21630

Weinberg, A., Hilgard, J., Bartholow, B. D., and Hajcak, G. (2012). Emotional
targets: evaluative categorization as a function of context and content. Int. J.
Psychophysiol. 84, 149–154. doi: 10.1016/j.ijpsycho.2012.01.023

World Medical Organization (1999). Declaration of Helsinki (1964). Br. Med. J.
313, 1448–1449.

Yamada, M., Lamm, C., and Decety, J. (2011). Pleasing frowns, disappointing
smiles: an ERP investigation of counterempathy. Emotion 11, 1336–1345. doi:
10.1037/a0023854

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Luo, Zhuang, Jie, Wu and Zheng. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Human Neuroscience | www.frontiersin.org 8 December 2018 | Volume 12 | Article 502

https://doi.org/10.3389/fpsyg.2013.00772
https://doi.org/10.1016/j.bandl.2012.12.001
https://doi.org/10.1001/archgenpsychiatry.2008.525
https://doi.org/10.1001/archgenpsychiatry.2008.525
https://doi.org/10.1016/j.ijpsycho.2016.04.011
https://doi.org/10.1016/j.neuropsychologia.2012.11.012
https://doi.org/10.1037/1528-3542.8.2.250
https://doi.org/10.1016/j.neuron.2010.09.003
https://doi.org/10.1016/j.neuron.2010.09.003
https://doi.org/10.1016/j.tins.2014.03.006
https://doi.org/10.1016/j.tics.2013.12.011
https://doi.org/10.1016/j.ijpsycho.2017.05.003
https://doi.org/10.1016/j.ijpsycho.2017.05.003
https://doi.org/10.1111/j.1467-9507.2010.00575.x
https://doi.org/10.1111/j.1467-9507.2010.00575.x
https://doi.org/10.1111/j.1467-8624.2009.01326.x
https://doi.org/10.1016/j.pain.2007.07.017
https://doi.org/10.1007/s11682-012-9214-z
https://doi.org/10.1007/s11682-014-9308-x
https://doi.org/10.1016/j.neulet.2014.06.032
https://doi.org/10.1016/j.neulet.2014.06.032
https://doi.org/10.1016/j.psychres.2014.08.054
https://doi.org/10.1016/j.psychres.2014.08.054
https://doi.org/10.1016/j.jbtep.2006.10.014
https://doi.org/10.1016/j.jbtep.2006.10.014
https://doi.org/10.1016/j.biopsycho.2015.10.014
https://doi.org/10.1523/JNEUROSCI.3384-10.2011
https://doi.org/10.1111/j.1749-6632.2009.04418.x
https://doi.org/10.1038/nature04271
https://doi.org/10.1016/B978-0-12-657401-2.50008-3
https://doi.org/10.1016/B978-0-12-657401-2.50008-3
https://doi.org/10.1093/scan/nsw146
https://doi.org/10.1016/j.ijpsycho.2013.10.009
https://doi.org/10.1016/j.ijpsycho.2013.10.009
https://doi.org/10.1162/jocn.2011.21630
https://doi.org/10.1016/j.ijpsycho.2012.01.023
https://doi.org/10.1037/a0023854
https://doi.org/10.1037/a0023854
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/human-neuroscience/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles

	State Anxiety Down-Regulates Empathic Responses: Electrophysiological Evidence
	Introduction
	Materials and Methods
	Participants
	Visual Stimuli
	Experimental Procedure
	ERP Recording and Analysis

	Results
	Behavioral Results
	ERP Results

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


