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Previous studies have reported the failure of cognitive emotion regulation (CER),
especially in regulating unpleasant emotions under stress. The underlying reason for
this failure was the application of CER depends heavily on the executive function
of the prefrontal cortex (PFC), but this function can be impaired by stress-related
neuroendocrine hormones. This observation highlights the necessity of developing self-
regulatory strategies that require less top-down cognitive control. Based on traditional
Chinese philosophy and medicine, which examine how different types of emotions
promote or counteract one another, we have developed a novel emotion regulation
strategy whereby one emotion is used to alter another. For example, our previous
experiment showed that sadness induction (after watching a sad film) could reduce
aggressive behavior associated with anger [i.e., “sadness counteracts anger” (SCA)]
(Zhan et al., 2015). Relative to the CER strategy requiring someone to think about
certain cognitive reappraisals to reinterpret the meaning of an unpleasant situation,
watching a film or listening to music and experiencing the emotion contained therein
seemingly requires less cognitive effort and control; therefore, this SCA strategy may
be an alternative strategy that compensates for the limitations of cognitive regulation
strategies, especially in stressful situations. The present study was designed to directly
compare the effects of the CER and SCA strategy in regulating anger and anger-related
aggression in stressful and non-stressful conditions. Participants’ subjective feeling of
anger, anger-related aggressive behavior, skin conductance, and salivary cortisol and
alpha-amylase levels were measured. Our findings revealed that acute stress impaired
one’s ability to use CR to control angry responses provoked by others, whereas
stress did not influence the efficiency of the SCA strategy. Compared with sadness
or neutral emotion induction, CER induction was found to reduce the level of subjective
anger more, but this difference only existed in non-stressful conditions. By contrast,
irrespective of stress, the levels of aggressive behavior and related skin conductance
after sadness induction were both significantly lower than those after CER induction or
neutral emotion induction, thus suggesting the immunity of the regulatory effect of SCA
strategy to the stress factor.
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INTRODUCTION

Previous studies have suggested that cognitive reappraisal
successfully down-regulates anger by reframing individuals’
interpretations of an angry situation or event. However, anger is
commonly considered as a negative emotion that is difficult to
regulate because it must be regulated with particular urgency in
daily life (Tavris, 1984; Mauss et al., 2007). As one of the most
frequently experienced negative emotions (Averill, 1983), anger
is positively associated with reactive (i.e., provoked, defensive,
and retaliatory) forms of aggression (especially when anger is
approach-oriented; Blanchard and Blanchard, 1984; Bushman
et al,, 2001; Hubbard et al., 2010). Recent studies have begun to
reveal the underlying reason that negative emotions such as anger
or fear are so difficult to regulate. These studies suggest that stress
destroys the function of cognitive regulation. In studies of mental
orientation, people who were more sensitive to environmental
demands (i.e., more easily placed in a state of stress) and who
lacked self-control resources were more likely to experience anger
(Hortensius et al.,, 2012). Anger regulation deficits have been
widely observed in patients with post-traumatic stress disorder
(PTSD) with high levels of anger (Chemtob et al., 1997; Heesink
et al., 2015). Thus far, however, studies that have examined
the direct relationship between stress and cognitive emotion
regulation (ER) have been limited. Raio et al. (2013) suggested
that the successful implementation of cognitive ER relies on the
advanced function of the prefrontal cortex (PFC), which might be
damaged by the deleterious effects of stress. Catecholamines (e.g.,
norepinephrine) and cortisol-release activated by stress might
impair the cognitive functions of the PFC, thereby undermining
cognitive regulation (Raio et al., 2013). Therefore, ER strategies
that are less reliant on the PFC might be more suitable than
normal down-regulating strategies (e.g., cognitive reappraisals)
with regard to changing negative responses to emotional arousal
under stress.

In contrast to cognitive regulation, which emphasizes the
role of cognition in executing top-down ER, the “sadness
counteracts anger” SCA strategy, a novel strategy based on
the theories of traditional Chinese philosophy and medicine,
provides an alternative approach that might overcome the
deficits in the cognitive ER in stressful situations. Theories of
traditional Chinese philosophy and medicine view different types
of mental states and emotions as having mutual promotion and
counteraction (allelopathy) relationships (Figure 1) (Zhan et al.,
2015). One example is the hypothesis of SCA. Classic traditional
Chinese medicine has recorded cases of patients who had illnesses
caused by anger and who were cured by inducing sadness (Jiang
and Wei, 1996). These cases demonstrate that sadness might be
able to dispel the consequences of anger. The mechanism through
which SCA can be understood based on the different neural
mechanisms associated with sadness and anger. A recent meta-
analysis of brain responses to specific emotions found that anger
preferentially engaged cortical processes that support an “external
orientation/object-focused” schema characterized by goal-driven
responses in which objects and events in the world are in
the foreground. In contrast, sadness engages cortical patterns
that support an internal orientation/homeostatic-focused schema

o~ h®)
sadness €———— anxiety
- =0

to promote to counteract

FIGURE 1 | The relationships among mutual promotion and mutual restraint
and the emotions of joy, thinking/anxiety, sadness, fear, and anger.

characterized by an orientation toward immediate somatic or
visceral experience that prioritizes the processing of interceptive
and homeostatic events (Thayer et al.,, 2012; Roy et al., 2014;
Wager et al, 2015). The strategy based on the concept that
SCA primarily refers to passively listening sad music or viewing
sad movie to evoke sadness, which likely requires less cognitive
control than approaches that require participants to intentionally
recall a given autobiographic event or generate a cognitive
reappraisal. In addition, the SCA strategy does not mean that
sadness is better than anger or that anger should be replaced
with sadness. Rather, this strategy implies two major points:
First, it proposes that sadness is a potentially efficient emotion
to counteract previously evoked anger and aggressive behavior;
second, if sadness can be evoked in a harmless and effortless way
(e.g., by watching sad movies), then it might be an alternative
approach (relative to cognitive reappraisal) to regulate anger.
Our recent study provided behavioral evidence supporting the
hypothesis that SCA and found that subsequently induced
sadness reduced an angry individual’s aggressive behavior (but
not angry feelings) more than neutral or fear emotions (Zhan
et al,, 2015). In that study, participants were first provoked by
reading negative feedback on their viewpoints or by watching
anger-inducing movie clips. Then, they were assigned to three
groups, and they viewed video clips to induce sadness, fear,
or neutral emotions. We found that participants produced less
aggressive behaviors when sadness was subsequently induced
(i.e., SCA) but a higher level of anger when fear was induced
(i.e., “fear promotes anger”). The regulatory effects of sadness
counteracting anger in that study might be related to the
distraction effect in which individuals attempt to shift their
attention from one topic or task to another, which reduces
negative emotions (McRae et al., 2010). However, this distraction
perspective cannot account for group differences across the
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three conditions because the distraction that the three groups
experienced was approximately comparable in its duration and
task features (i.e., passively viewing short movie clips). The means
of interaction between the emotion to be regulated (i.e., anger)
and the subsequently induced emotion (i.e., fear or sadness)
produced outcomes in which sadness counteracted anger and fear
promoted anger. Furthermore, we speculated that sadness did not
decrease self-reported anger because of the distraction feature
of the SCA strategy (in particular, that sadness subsequently
decreased existing anger-related responses). In contrast to a top-
down regulatory strategy (e.g., cognitive reappraisal) that entails
the explicit alteration of the self-relevant meaning (an appraisal)
of an emotion-inducing stimulus (Ochsner et al., 2002; Etkin
et al., 2015), the direct target of sadness induction is not the
participant’s conscious attitude toward a previous anger-inducing
event. In other words, although the participants’ induced anger
was not relieved, their aggressive behavior decreased. However,
this effect does not mean that sadness is only effective for
reducing aggressive behaviors and not for alleviating subjective
feelings. Besides, we are now considering to apply this SCA
strategy to control the anger and aggression of the automobile
drivers in Beijing (there are about 30-40% of the drivers reported
the experience of “road rage” because of the traffic jams and
the frequently encountered impolite driving manners) by having
people to listen to sad music during driving. In fact, the sad
music could be even more beneficial to make the drivers to
focus on their driving and result in less accident than other
types of music for example the happy ones (Pécher et al,
2009). A discussion of this issue is presented in the “Discussion”
Section.

The present research sought to directly contrast the
effectiveness of cognitive reappraisal and sadness induction
to relieve anger under non-stress and stress situations. The
major assumptions of the present study were two-fold: (1) In
the non-stress condition, both cognitive reappraisal and sadness
induction after an anger-evoking situation can significantly
decrease anger-related responses; and (2) in a stress situation,
cognitive reappraisal fails to reduce anger, whereas sadness might
still counteract anger, as in the non-stress condition.

In the present study, self-reported anger, aggressive behavior
and skin conductance (SC) were assessed as indices of anger and
emotional arousal (Lobbestael et al.,, 2008). Although different
from anger, aggressive behavior is often positively correlated
with subjective angry feelings (Bushman et al., 1999; Parrott and
Giancola, 2007) and often presented as a consequence of anger
(Bandura et al., 1963; Novaco, 1994; Lieberman et al., 1999).
SC variation is predictive of emotional arousal and positively
associated with aggression (Bradley and Lang, 2000; Lorber, 2004;
Murray-Close et al., 2012). In response to a stressor, two major
biological stress systems are activated: the sympathetic nervous
system (SNS) during the period immediately following the onset
of the stressor and, with a time delay, the hypothalamic-pituitary-
adrenal (HPA) axis (Sapolsky et al., 2000; Arnsten, 2009; Ulrich-
Lai and Herman, 2009). To ensure that our stress manipulation
elicited HPA axis activity, we collected salivary samples and
analyzed them for cortisol concentrations, a hallmark of HPA
axis activity (Sapolsky et al., 2000; Arnsten, 2009; Arnsten et al.,

2012). In fact, cortisol release is preceded and triggered by
the earlier release of catecholamines, which is driven by SNS
arousal and released rapidly after a stressor to accelerate the
preparatory responses to stress. To measure this response, we
assayed salivary a-amylase (sAA), which serves as a marker of
noradrenergic activity (van Stegeren et al., 2006; Thoma et al.,
2012).

MATERIALS AND METHODS

Participants

A total of 204 undergraduate and graduate students from
universities in Beijing participated in this study. Participants
were ineligible for the study if they were pregnant, menstruating,
ill or becoming ill, or taking any antidepressant or antianxiety
medications. All participants signed an informed consent
document approved by Institutional Review Board at Capital
Normal University’s Committee on Activities Involving Human
Subjects and were compensated ¥30 for their participation. The
data from 24 participants were excluded from the final analysis
because the saliva samples of 13 failed to be centrifuged, and
11 correctly guessed the purpose of the experiment and were
not induced for sadness or cognitive reappraisal by watching
corresponding videos. Our final analysis included 180 healthy
participants (66% women) with a mean age of 20.76 years
(SD = 1.73; range: 19~24 years).

Experimental Design and Procedures
Overview of the Experimental Procedure

To test our predictions, the present study used a 2 (stress
state: stress condition and non-stress condition) x 3 (regulation
strategy: sadness, cognitive reappraisal, and neutral mood
induction) between-group design. The entire experimental
procedure consisted of three stages (Figure 2). First, the
participants were randomly assigned to the stress or non-stress
conditions. Then, anger was induced in all of the non-stressed
and stressed participants. Third, sadness, cognitive reappraisal,
or neutral mood inductions were conducted separately among
the provoked participants for both the stress and non-stress
conditions. During the experiment, self-reported stress levels
were collected two times (before and after the stress/non-stress
induction) to examine the stress induction manipulation. Three
evaluations of self-reported anger were administered at baseline,
after anger induction and after the cognitive reappraisal/sadness
mood induction/neutral mood induction (the procedures for
inducing the sadness/neutral emotion or cognitive reappraisal
are hereinafter referred to as the anger regulation phase) to
examine the manipulation of anger induction and investigate
the effectiveness of anger regulation after the assignment of
cognitive reappraisal or sadness or neutral mood induction.
Moreover, we collected the participants’ saliva at baseline, after
stress/non-stress induction and after anger regulation to measure
the cortisol and sAA concentrations, which are reliable biological
stress markers of HPA axis and SNS activity, respectively.
Moreover, SC was recorded throughout the experiment and
served as an index of anger arousal. Finally, aggressive
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FIGURE 2 | Schematic of the experimental procedure and the timeline of the neuroendocrine assessments. CPT, cold pressor task; RTT, room temperature task; Al,
anger induction; AR, anger regulation (sadness induction/cognitive reappraisal); TAP, Taylor aggression paradigm. Salival, saliva2 and saliva3, represent the first (at
baseline), second (after stress/non-stress induction) and third (after anger regulation) saliva collection times, respectively. Anger1, anger2 and anger3 represent the
first (at baseline), second (after anger induction) and third (after anger regulation) anger assessment times, respectively.

behavior was assessed using the Taylor Aggression Paradigm
(TAP). A full oral debriefing (with a probe for suspicion)
followed. The experimenter also asked the participants to
maintain the secrecy of the experimental procedures to prevent
future participants from acquiring knowledge regarding this
experiment.

Stress manipulation

The cold pressor test (CPT) was used to induce individual stress
in the present study. This test is among the most commonly
used laboratory stressors (Lovallo, 1975; Lupien et al., 2007; Lee
et al., 2013; Raio et al., 2013). Participants in the stress condition
were required to submerge their right hand to their elbow in
a 0~2°C ice-water bath for 3 min, whereas the participants in
the non-stress condition immersed their right arms in room
temperature water for 3 min. The CPT reliably elicits two
major stress systems of the body, the SNS and the HPA axis
(Sapolsky et al., 2000; Arnsten, 2009; Ulrich-Lai and Herman,
2009).

Anger induction

We modified the anger-induction procedure with reference to the
mutual-evaluation paradigm developed by Bushman et al. (1999,
2001), Bushman (2002), which has been widely used in studies
on anger and aggressive behavior. Before the day of the formal
experiment, each participant wrote a paragraph focusing on a
popular topic in Chinese society (e.g., the new marriage law on
property division in divorce) and to exchange his or her views
on the subject with another participant (who did not exist) by
e-mail. Furthermore, the participants were asked to evaluate the
view of the other participant using a score ranging from —10
(very poor) to 10 (very good) and to provide a brief comment,
which was sent to the experimenter’s e-mail. During the anger
induction phase in the formal experiment, the experimenter
showed the participant an extremely negative evaluation of his
or her viewpoint. The participant was told that this evaluation
was made by the participant who exchanged views with him or
her but was actually prepared in advance by the experimenter.
The data of participants who expressed suspicion about our anger
induction procedure were not included in the experiment for
further analysis.

Cognitive reappraisal, sadness emotion induction, and
neutral mood induction assignment

Three videos were used to induce individuals’ sadness, cognitive
reappraisal and neutral moods. The sad movie clip (duration:
2 min 16 s; from the movie “Mom Love Me Once Again”;

intensity, M 3.17, SD 1.56) and the neutral movie
clip (duration: 2 min 17 s; from the movie “Computer
Repair”; intensity, M 1.0625, SD = 0.25) were extracted
from the Chinese Emotional Visual Stimulus (CEVS) database
(Xu et al., 2010). In contrast to cognitive reappraisals, which are
commonly administered with the experimenter’s instruction, a
cognitive reappraisal video (duration: 3 min 6 s) was created
to match the experimental manipulations of sadness and
neutral emotion induction in the presentation of videos and
content (i.e., the visual, sound and language stimulation in the
three videos involved experiences in daily life). This cognitive
reappraisal video was recorded in a simulated psychological
counseling room with a Canon video tape recorder. In the
video, a “psychological counselor” (played by a psychology Ph.D.
student) introduced the cognitive reappraisal strategy based
on rational-emotive therapy (RET). Importantly, because the
anger induction procedure was based on a false insult to the
participants, the experimenter pretended to be naive to the
truth and the participants’ anger throughout the experiment.
Thus, the content of the cognitive reappraisal video did not
directly contrast with the prior negative event in the anger
induction phase; rather, it included several digestible examples
(including anger events) in daily life that aimed to induce
the participants to reframe the prior anger event in the anger
induction procedure and to change their current anger response.
To avoid arousing the participants’ suspicion with regard to
the prior anger induction procedure, the participants were
informed that the cognitive reappraisal video taught material
that needed to be assessed before being put online. To further
ensure the effectiveness of the cognitive reappraisal video before
the formal experiment, we asked a random sample of 34
undergraduate students (non-psychology students) to watch
this video; 94% of these participants considered the video
content as straightforward and conducive to regulating negative
mood. While watching all of the videos, the participants were
asked to be as attentive to the videos as possible, to express
their natural feelings and not suppress any emotion. After
completing all of the experimental procedures and inquiries,
the participants were immediately asked whether the content
of the cognitive reappraisal video was understandable and
useful for helping them to regulate their feelings of anger
evoked by the negative comments of their partner. If the
participants did not understand or accept the content of
the cognitive reappraisal video or sadness was not induced,
then these participants were excluded from the formal data
analysis.
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Self-reported stress

To assess the effectiveness of the stress induction, all participants
reported how stressed they were before and immediately after the
CPT/control task on a reverse-scored 5-point Likert scale ranging
from 1 (extreme stress) to 5 (no stress), where 1: very tense; 2:
tense; 3: between tense and relaxed; 4: relaxed; and 5: very relaxed.

Self-reported anger

The subjective feeling of anger was measured using the
hostility subscale of the revised Multiple Affect Adjective
Checklist (MAACL; Zuckerman and Lubin, 1985; Bushman
et al, 2001). In the Chinese version of the MAACL (Zhang,
1991), the hostility subscale contains 22 adjectives, including
11 words that are positively associated with anger (irritable,
cruel, jealous, disgruntled, indignant, impatient, hostile, irritated,
violent, furious, and exasperated) and 11 words that are negatively
associated with anger (gracious, easy-going, good-natured, helpful,
friendly, courteous, gentle, pleasantly agreeable, kind, affable, and
cooperative). All of the participants assessed these 22 adjectives
according to their current feeling and selected each positive
anger word or deselected each negative anger word. Each word
accumulated one point; thus, the final scores were the sum of
the total points for the selected positive anger words and for the
unselected negative anger words. A high total score indicated
a high level of anger. The self-reported anger evaluations were
administered three times: (a) at baseline (i.e., at the beginning
of the experimental session), (b) after the anger-induction
procedure, and (c) after the cognitive reappraisal, sadness mood
induction, or neutral mood induction assignment.

Aggressive behavior measure

The measurement of aggression was presented as a competitive
reaction time task based on the paradigm developed by Taylor
(1967) that has been widely used in studies of anger and
aggressive behavior (Taylor, 1967; Bushman and Baumeister,
1998; Muller et al., 2012; Elson et al., 2014; Watkins et al., 2015).
In this task, participants were first led to believe that they were
playing against a participant who had previously given them
insulting feedback (refer to the anger induction procedure). This
competitive reaction time task required that participants press
a button as quickly as possible for each trial. The participant
who was slower received a blast of white noise (similar to radio
static) through headphones. Before each trial, the participants
designated the noise intensity that their partner would receive,
if they won the competition. This intensity ranged from 60 (Level
1) to 105 decibels (Level 10, approximately the same volume as
a smoke alarm). A non-aggressive no-noise setting (level 0) was
also offered. The participants were also permitted to control how
long their partner would hear the noise, from 0.5 s (Level 1) to
5s (Level 10). The two measures were standardized and summed
to form a single measure of interpersonal aggression (Bushman
and Baumeister, 1998). The “partner” set random noise levels
throughout the task. A 105-decibel noise is uncomfortable but
not painful or harmful.

Salivary cortisol and sAA determinations
To examine sAA and salivary cortisol stress responses, saliva
samples were collected using cotton swabs (Sarstedt Ltd.,

Germany). Participants were instructed to gently chew on the
swab for 1~2 min. We ensured that baseline cortisol and sAA
levels were stable by collecting the first salivary sample 10 min
after the participants arrived at the laboratory. Salivary samples
were taken three times during the course of the experiment:
at baseline (i.e., 10 min after the participant’s arrival), 10 min
after stress or control manipulation (when cortisol was expected
to rise in the stress condition), and after anger regulation
(approximately 20 min after stress or control manipulation). All
samples were immediately stored in a sterile tube and kept at
—20°C until analysis. Salivary cortisol and sAA were assayed
using ELISA kits (Cortisol Parameter Assay Kit, R&D Systems,
Inc., United States and Canada; Human Amylase ELISA Kit,
Assaypro LLC,, St. Charles, MO, United States).

SC assessment

To measure the physiological activation of anger arousal during
the experimental procedure, SC was sampled at a rate of 1000 Hz
and recorded using an MP150 system (BIOPAC Systems, Inc.,
Goleta, CA, United States). For SC recordings, two shielded
Ag-AgCl electrodes filled with standard NaCl electrolyte gel
were placed on the palmar sites of the middle phalanges of the
second and third fingers of the left hand. Data were collected
with AcqKnowledge software (Biopac Systems) and inspected
visually during the entire experiment. Offline, the signal was
amplified 10x and passed through a rolling 1-Hz low pass filter
to remove movement artifact. Mean SC data are reported in
microsiemens (S) with a refresh rate of 1 s. Measurements
were taken continuously during the 5-min period of the baseline
stage and the 5-min period including the anger regulation stage
and the subsequent self-reported emotion evaluation stage. The
mean SC values of these two periods were used in the final
analysis.

RESULTS

Subjective Feeling of Stress
The 2 (time: at baseline and after stress/non-stress induction) x 2
(stress state: stress induction or non-stress induction) x 3
(regulation strategy: sadness induction, reappraisal induction,
or neutral mood induction) repeated-measures ANOVA on
self-reported stress showed a significant main effect of time
[F(1,174) = 25411, p < 0.001, n? = 0.127] but non-significant
main effect of regulation strategy [F(2,174y < 1, p > 0.05,
n? = 0.010]. The interaction among time, stress state and
regulation strategy as well as the interaction between time and
regulation strategy were not significant [F(2174) < 1, p > 0.05,
n% = 0.005; F2,174) < 1, p > 0.05, n* = 0.002, respectively],
whereas the interaction between time and stress state was
significant [F(1,174) = 48.960, p < 0.001, n? = 0.220].

Regarding the significant interaction time and stress state,
a simple effect analysis (adjusted using the Sidak correction)
focusing on the time differences showed that the self-reported
stress scores after stress induction were significantly lower
than those at baseline (p < 0.001); however, no significant
differences were observed between the self-reported stress scores
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after non-stress induction and those at baseline (p > 0.05; see
Figure 3A and Table 1). A simple effect analysis (adjusted using
the Sidak correction) focusing on the stress state differences did
not show significant differences at baseline (p > 0.05), but the
self-reported stress scores after stress induction were significantly
lower than those after non-stress induction (p < 0.001; see
Figure 3A and Table 1). Because the stress scale in our study was
reverse scored, these results indicate that the stress manipulation
was successful at increasing individuals’ subjective feelings of
stress.

Subjective Feeling of Anger

The 3 (time: at baseline, after anger induction, and after
anger regulation) x 2 (stress state: stress induction or non-
stress induction) x 3 (regulation strategy: sadness induction,
reappraisal induction, or neutral mood induction) repeated-
measures ANOVA on self-reported stress showed a significant
main effect of time [F(2,173) = 136.414, p < 0.001, n* = 0.612],
but the main effects of stress state and regulation strategy
were not significant [F(,174) = 1.570, p > 0.05, n* = 0.009;
Fa174y = 1.050, p > 0.05, 1> = 0.012, respectively]. The
interaction among time, stress state and regulation strategy
was marginally significant [F(2174) = 2.802, p = 0.063,
n? =0.031].

Regarding to the marginally significant interaction among
time, stress state and regulation strategy, a simple effect
analysis (adjusted using the Siddk correction) focusing on the
time differences revealed that the subjective anger feelings

after anger induction were significantly higher than those at
baseline for all groups (ps < 0.001), indicating that the anger
induction procedure was efficient. In the non-stress condition,
the subjective anger feeling after sadness and neutral mood
inductions were both significantly higher than those at baseline
(ps < 0.001), but no significant differences were found between
the subjective feeling of anger after reappraisal induction and that
at baseline (ps > 0.05). In the stress condition, the subjective
anger feelings after anger regulation were significantly higher
than those at baseline for all stress groups (ps < 0.001; see
Figure 3B and Table 1), suggesting that cognitive reappraisal
availably decreases subjective anger feelings under non-stress
conditions but has no such decreasing effect under stress.

In addition, a simple effect analysis (adjusted using the
Sidak correction) focusing on the regulation strategy differences
revealed that no significant regulation strategy differences in
subjective anger feeling occurred at baseline or after anger
induction between any two groups in the non-stress condition
(ps > 0.05). However, subjective anger feelings after reappraisal
induction were significantly lower than those after sadness
induction (p < 0.05) and neutral mood induction (p < 0.01). In
the stress condition, no significant regulation strategy differences
were observed at baseline, after anger induction or anger
regulation between any two groups (ps > 0.05; see Figures 3B, 4
and Table 1). These results indicate two points: First, the effects of
anger induction showed no significant group differences; second,
stress induction seemed to impair the regulating efficiency of
cognitive reappraisal.
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TABLE 1 | Subjective feelings of stress, subjective feelings of anger, cortisol and SC levels of the participants in the six conditions; n = 30 in each group.

Measure Stress-sadness Non-stress-sadness  Stress-reappraisal Non-stress-reappraisal  Stress-neutral Non-stress-neutral
Stress (baseline) 3.63 (0.11)2 3.67 (0.14)2 3.63 (0.11)2 3.60 (0.14)2 3.63 (0.14)2 3.77 (0.13)2
Stress (after SI/NSI) 2.73 (0.16)° 3.73 (0.14)2 2.63 (0.12)° 3.83 (0.10)2 2.87 (0.16)° 3.90 (0.13)2
Anger (baseline) 3.93 (0.53)2 3.80 (0.46)2 3.90 (0.43)2 3.77 (0.49)2 4.03 (0.53)2 3.97 (0.51)2
Anger (after Al) 10.80 (0.90)2 10.20 (0.99)2 10.90 (0.91)2 10.30 (0.86)2 11.00 (0.79)2 9.87 (0.91)2
Anger (after AR) 6.70 (0.67)2 6.67 (0.74)2 6.08 (0.76)2 3.73 (0.45)° 6.80 (0.77)2 7.10 (0.75)2
Cortisol (baseline) 4.98 (0.53)2 4.80 (0.57)2 5.00 (0.76)2 4.94 (0.64)2 4.96 (0.59)2 4.83 (0.44)2
Cortisol (after SI/NSI) 7.65 (0.99)2 4.69 (0.81)° 7.72 (1.27)2 4.97 (0.65)° 7.74 (0.94)2 4.33 (0.40)°
Cortisol (after AR) 517 (0.51)° 4.44 (0.87)° 9.86 (1.92)2 4.23 (0.62)° 6.06 (0.65)° 4.36 (0.47)°

SC (baseline)
SC (after AR)

13.73 (0.85)2
12.44 (1.22)°

13.16 (0.63)2
11.92 (1.19)°

13.20 (1.03)2
16.52 (1.35)%

13.73 (1.34)2
17.48 (1.67)2

13.56 (1.00)2
17.20 (1.55)2

13.13 (1.11)2
17.37 (1.71)3

Standard errors are in parentheses. Superscripts refer to within-row comparisons. Means with the same superscript are not significantly different at the 0.05 level. Sl,
stress induction; NSI, non-stress induction; Al, anger induction; AR, anger regulation (sadness induction/cognitive reappraisal).
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FIGURE 5 | Comparisons of aggressive behavior levels after different
regulation strategies in the stress and non-stress conditions. The error bars
(capped vertical bars) represent +1 SE. **p < 0.01.

Aggressive Behavior

The 2 (stress state: stress induction or non-stress induction) x 3
(regulation strategy: sadness induction, reappraisal induction,
or neutral mood induction) univariate ANOVA on aggressive
behavior showed that the main effect of stress state was not
significant [F(1,174) < 1, p > 0.05, 1% = 0.00001], and the main
effect of regulation strategy was significant [F(3 174) = 8.595,
p < 0.001, n* = 0.090). The interaction between stress state
and regulation strategy was not significant [F(3174) < 1,
p > 0.05, 1> = 0.009]. Regarding the significant main effect of
regulation strategy, multiple comparisons (adjusted using the
Sidék correction) showed that the aggressive behavior levels after
sadness induction were significantly lower than those after both
reappraisal induction (p < 0.001) and neutral mood induction
(p < 0.01; see Figure 5). These results indicate that sadness
induction is more effective at reducing aggressive behavior than
reappraisal and neutral mood inductions, regardless of the stress
condition.

Skin Conductance
The 2 (time: at baseline and after anger regulation) x 2
(stress state: stress induction or non-stress induction) x 3

(regulation strategy: sadness induction, reappraisal induction,
or neutral mood induction) repeated-measures ANOVA on SC
found that the main effects of time and regulation strategy
were both significant [F(1,174) = 12.157, p < 0.01, n? = 0.065;
Fai7ay = 3812, p < 0.05, 1> = 0.042, respectively]. The
interaction among time, stress state and regulation strategy as
well as the interaction between time and stress state were not
significant [F(2,174) < 1, p > 0.05, 12 = 0.0002; F(y,174) < 1,
p > 0.05,1% = 0.001, respectively]. The interaction between time
and regulation strategy was significant [F(3,174) = 7.939, p < 0.01,
n? =0.084].

Regarding the significant interaction between time and
regulation, a simple effect analysis (adjusted using the Siddk
correction) focusing on the time differences showed that the SC
levels after reappraisal induction and neutral mood induction
were significantly higher than those at baseline (ps < 0.01);
however, no significant differences were found between the SC
level after sadness induction and that at baseline (p > 0.05), which
indicates that the sadness induction helps the SC level returned
to its baseline level (see Figures 3C, 6 and Table 1). In addition,
a simple effect analysis (adjusted using the Siddk correction)
focusing on the regulation strategy differences showed that the
SC level had no regulation strategy differences between any two
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FIGURE 6 | Comparisons of SC at baseline and after anger regulation in each
condition. The error bars (capped vertical bars) represent +1 SE. *p < 0.05.

groups at baseline (ps > 0.05), whereas the SC level after sadness
induction was significantly lower than those after reappraisal
induction and neutral mood induction (ps < 0.01; see Figure 7
and Table 1). These results indicate that the sadness induction
was more effective at decreasing the SC level than reappraisal
and neutral mood inductions, regardless of the stress condition.
Furthermore, the SC level after anger regulation was significantly
and positively correlated with the level of aggressive behavior
(r=10.376,p < 0.001).

Neuroendocrine Results

The 3 (time: at baseline, after stress induction, and after
anger regulation) x 2 (stress state: stress induction or non-
stress induction) x 3 (regulation strategy: sadness induction,
reappraisal induction, or neutral mood induction) repeated-
measures ANOVA on cortisol level showed that the main effect of
time was significant [F(3,174) = 7.652, p < 0.01, n? = 0.042], and
the main effect of stress state was significant [F(y,174) = 11.726,
p < 0.01, 12 = 0.063], but the main effect of regulation strategy
was not significant [F(2,174)y < 1, p > 0.05, n? = 0.010]. The
interaction among time, stress state and regulation strategy was
significant [F(2,174) = 3.929, p < 0.01, 1% = 0.043].

Regarding the significant interaction among time, stress state
and regulation strategy, a simple effect analysis (adjusted using
the Sidédk correction) focusing on the time differences showed
that no differences were found in the non-stress condition for
all groups (ps > 0.05); in stress condition, however, the cortisol
levels after stress induction were significantly higher than those
at baseline for all groups (ps < 0.01), which indicates that
the stress manipulation successfully increased cortisol levels.
Moreover, neither the cortisol level after sadness induction nor
the neutral mood induction significantly differed from baseline
(ps > 0.05); however, cortisol levels after reappraisal induction
were significantly higher than those at baseline (p < 0.001;
see Figure 3D and Table 1). In addition, a simple effect
analysis (adjusted using the Sidak correction) focusing on
the regulation strategy differences showed that in non-stress
condition, the cortisol level showed no differences at any of
the three time points (ps > 0.05); in the stress condition, the
cortisol level did not differ at baseline or after stress induction
between any two groups (ps > 0.05); however, the cortisol
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FIGURE 7 | Comparisons of SC across each condition at baseline and after
anger regulation. The error bars (capped vertical bars) represent +£1 SE.
**p < 0.01.
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FIGURE 8 | Comparisons of cortisol level regulation strategies after different
regulation strategies at baseline, after stress/non-stress induction and after
anger regulation in the stress condition. The error bars (capped vertical bars)
represent +1 SE. **p < 0.01.

levels after reappraisal were significantly higher than those after
sadness induction (p < 0.01) and neutral mood induction
(p < 0.05; see Figures 3D, 8 and Table 1). These results
indicated that the effects of stress induction did not significantly
differ by group, and the reappraisal induction maintained
the cortisol level relative to sadness induction and neutral
mood induction. Moreover, we found a significantly negative
relationship between cortisol concentration and the self-reported
stress score after stress/non-stress induction (r = —0.150,
p < 0.05).

In addition, we conducted a similar analysis on the sAA levels
but did not find any main effects [time: F(5 173) = 1.951, p > 0.05,
1% = 0.022; stress state: F(1,174y < 1, p > 0.05, n? = 0.003] or
interaction effects [time x stress state: F(3 174y < 1, p > 0.05,
nz = 0.005; time x regulation strategy: F(4,174) < 1, p > 0.05,
n2 =0.008; time X stress state x regulation strategy: F(4,174) < 1,
p > 0.05, n* = 0.006], perhaps because the timing of our
assessment was not optimal for the relatively rapid response of
sAA (Maruyama et al., 2012).

DISCUSSION

The present study compared the effects of two strategies for
regulating anger and its related aggressive behavior under stress
or non-stress conditions: reappraisal based on cognitive ER
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theory and the SCA concept based on the emotion theory
of mutual promotion and mutual restraint in traditional
Chinese medicine. The findings can be summarized into two
key points: First, cognitive reappraisal effectively decreased
subjective feelings of anger under non-stress conditions, but
this effect disappeared under acute stress; second, the SCA
strategy reduced individual aggression (primarily characterized
by the intensity level set by the participants to punish
others) after they were provoked, regardless of the stress
condition. This “all-day” efficiency was also reflected in
participant SC (i.e., the SCA strategy also relatively decreased
individual SC after being irritated under both stress conditions).
Generally, these results provide evidence supporting our
main hypothesis that the efficiency of the SCA regulation
strategy is less influenced by stress relative to cognitive
reappraisal. Furthermore, three points should be noted. First,
the stress manipulation in the present study involved only
acute physiological stress. Thus, our findings should not be
arbitrarily generalized to conditions of chronic stress. Second,
the present study investigated only the regulation efficiency of
state sadness on state anger or aggressive behavior. Therefore,
the conclusions should not be simply extended to traits
of depression or aggression. Third, although state sadness
decreased anger-related aggressive behaviors, issues concerning
the regulation effects of long-term sadness induction and
whether long-term sadness has adverse effects require further
examination.

The findings of the present research are consistent with
previous research. First, a previous study found that cognitive
reappraisal fails to regulate fear conditioning under stress (Raio
et al, 2013). Furthermore, regarding the effects of the SCA
strategy, our previous research showed that inducing sadness
among participants (relative to fear and neutral emotions) after
they were provoked decreased their aggression (Zhan et al., 2015).
The present study successfully replicated previous studies and
directly compared cognitive reappraisal with the SCA strategy
after controlling for the object of regulation (i.e., anger and
aggressive behavior) and the means of regulation (i.e., both
cognitive reappraisal and the regulatory sadness emotion were
induced by watching videos) across conditions. This approach
demonstrated the superiority of the SCA strategy with regard to
resisting stress interference.

The differences between cognitive reappraisal and the SCA
strategy in resisting stress might be related to the hormonal
changes driven by the stress responses of HPA axis arousal,
which might further impair the functions of the PFC. This
study used the CPT to manipulate stress and effectively increase
individual cortisol levels in keeping with numerous previous
studies in psychoneuroimmunology, neurodevelopment, PTSD
and animal models that have revealed the destructive effects of
cortisol on PFC function (Hartley and Adams, 1974; Carrion
etal,, 2010; Wolf, 2016; Goldfarb et al., 2017). Cortisol promotion
via stress likely rapidly disrupts PFC network connections and
markedly impairs PFC function during ER. The frontal regions
that regulate one’s thoughts, actions and emotions might be
particularly sensitive to the effects of cortisol. Cortisol regulates
its own release via a negative feedback loop in the central nervous

system (CNS), where it binds to the glucocorticoid receptor
(GR) distributed widely in the PFC (Fuster, 2008). Furthermore,
many studies have demonstrated that stress rapidly disrupts
PFC network connections and markedly impairs PFC function,
including the performance of tasks that require complex and
flexible thinking (Hartley and Adams, 1974; Wolf, 2016; Goldfarb
etal., 2017). Studies of youth with posttraumatic stress symptoms
(PTSSs) have found a significant negative association between
pre-bedtime cortisol levels and left ventral PFC gray volumes,
suggesting that these youth have more detrimental exposure to
cortisol and therefore more negative PFC development effects
(Carrion et al., 2010). Moreover, a deleterious effect of cortisol
was found with regard to the retrieval of previously learned
material, with specific impairments to working memory (Lupien
et al., 1999, 2007; Young et al., 1999; Cahill et al., 2003). Animal
research has also indicated that chronic behavioral stress can
lead to dendritic reorganization in the medial PFC (Wellman,
2001; Radley et al., 2004) and that exposure to stress-induced
cortisol elevation can impair prefrontal behavioral control in
monkeys (Lyons et al., 2000). With regard to the neural correlates
of cognitive ER, the PFC is a crucial brain area with regard
to regulation success (Kohn et al, 2014; Etkin et al., 2015).
Based on neuroimaging studies, the ventrolateral PFC (VLPFC)
plays a major role in generating and appraising emotion and
affect (Ochsner and Gross, 2005; Phillips et al., 2008; Kohn
et al,, 2014; Etkin et al, 2015). In contrast, the dorsolateral
PFC (DLPEC) is functionally characterized by engaging in
purely cognitive tasks such as working memory and selective
attention. This area is strongly associated with the cognitive
control of emotion processing, regulating emotion generated
by the amygdala, insula and VLPFC (Barbey et al, 2013;
Kohn et al., 2014; Etkin et al., 2015). Because the HPA axis
activated by stress might impair the cognitive functions of the
PFC and further undermine cognitive regulation (Raio et al.,
2013), we speculated that the acute stress exposure of the
present study would impair individuals’ advanced functioning
of the frontal region to regulate anger. In contrast to the
top-down strategy of cognitive reappraisal, the SCA strategy
involves using one type of emotion to counteract another.
First, sadness might be able to counteract anger because of the
dissimilarity of these emotions with regard to their cognitive
and emotional elements. According to a meta-analysis on the
brain activation patterns of different emotional categories, anger
preferentially engages cortical processes that support an “external
orientation/object-focused” schema that is characterized by goal-
driven responses for which objects and events in the world are
in the foreground, whereas sadness engages cortical patterns that
support an internal orientation/homeostatic-focused schema that
is characterized by an orientation toward immediate somatic or
visceral experience that prioritizes the processing of interoceptive
and homeostatic events (Wager et al., 2015). Specifically, anger is
primarily characterized by the strong activity of dorsal attention
and the strong co-activation of the visual-to-frontoparietal
cortex as well as subcortical co-activation, indicating a strongly
goal-driven attentional component with central cerebellar
involvement for strong sensorimotor integration. By contrast,
sadness cortical patterns are prominently characterized by
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a profound lack of co-activation between the cortical and
subcortical cerebellar/brainstem networks and strong cerebellar-
brainstem co-activation, suggesting a weak activation of the
integrated planning/action systems (dorsal attention/cerebellar)
and strong reflexive cerebellar-brainstem responses that operate
without co-activation with the cortex (Wager et al., 2015).
Thus, the internally oriented rather than externally oriented
neural network activated by sadness induction likely relieves
the neural system activated by provocation, thereby reducing
aggression level. Second, limited self-control resource theory
might explain why stress did not affect the efficiency of the
SCA strategy. This theory suggests that when a self-control
resource is over consumed, ego depletion is initiated, which
can adversely affect an individual’s emotional, cognitive, and
behavioral performance (Muraven et al., 1998; Baumeister and
Vohs, 2007; Barlett et al., 2016). Accordingly, because the SCA
strategy requires fewer self-control resources than reappraisal,
this strategy is not invalidated even under stress conditions that
result in ego depletion. Thus, the SCA strategy depends less on
the PFC, which is less sensitive to stress hormone responses (e.g.,
cortisol).

The present study suggests an interesting phenomenon.
Although the cortisol levels of the three stress groups were
significantly higher than those of the three non-stress groups
(which confirmed the efficiency of stress manipulation in this
study [i.e., the CPT]) and no significant differences were found
among the three stress groups with regard to cortisol levels
before watching the video to regulate anger, after watching the
video, the cortisol levels of the stress-reappraisal group increased,
whereas the those of the stress-sadness group and the stress-
neutral group decreased (although the increasing and decreasing
trends were not significant when contrasting the cortisol level
before and after watching the video within each condition; the
cortisol level of the stress-reappraisal group after watching the
movie was significantly higher than that of the stress-sad and
stress-neutral groups). These differences suggest that cognitive
reappraisal under stress might interact with previous stress states.
Although the reappraisal effort aroused by watching a video
of cognitive reappraisal could not form a new stressor, it was
at least able to maintain the physiological stress relative to
sadness and neutral emotion induction. This finding indicates
that cognitive reappraisal under stress is not only a matter
of cognitive resource depletion but also might interact with
the stress response and maintain or even exacerbate the stress
influence. Compared with watching the cognitive reappraisal
video, watching the sad and neutral videos under stress did
not cause individual cortisol levels to increase or cause them to
remain high, indicating that the interacting intensity between
the sadness induction and neutral emotion induction conditions
and stress induction were both less than cognitive reappraisal.
The cortisol levels of an individual under stress after watching a
sad video or a neutral video did not significantly differ, implying
that cortisol returned to baseline after mood induction. However,
aggression level was significantly lower after watching the sad
video than after watching the neutral video, which excludes the
possibility that the SCA effect functions by imposing on cortisol
responses.

Another difference between cognitive reappraisal and the
SCA strategy is related to the target of regulation. Cognitive
reappraisal under the non-stress condition effectively decreased
subjective feelings of anger but did not reduce aggression or
related physical arousal (SC), whereas the SCA strategy alleviated
aggression and related physical arousal (SC) but did not relieve
subjective feelings of anger. Anger is often but not always
associated with aggression or relevant physiological indices. Some
studies have shown that self-reported anger is weakly correlated
with aggression in both laboratory (e.g., Kassinove et al., 2002;
Giumetti and Markey, 2007) and real-life situations (Nesbit
et al., 2007). However, the relationship between self-reported
anger and aggression or the cognitive-physiological discordance
of anger might be influenced by several variables that have
been largely unexplored by empirical research (Hortensius et al.,
2012). One possible explanation for these discrepancies in the
present study might be the cognitive or distractive characteristic
of the reappraisal or SCA regulation strategies. Specifically, the
induction of cognitive reappraisal functioned by changing the
participants’ cognitive attitudes toward the anger event (being
insulted by another participant), which might be closely related to
self-reported anger but relatively unrelated to the physical arousal
and aggressive behavior measured via SC and the aggressive
test paradigm. In contrast, the SCA strategy might function
as distraction and counteraction approaches. The induction of
sadness did not change participants’ attitudes toward the angry
event that they encountered, but it might have interrupted and
counteracted the mindset that an angry individual typically
maintains. Nevertheless, we cannot arbitrarily claim that sadness
reduces only aggression but not subjective feelings of anger.
In fact, the subjective feeling of anger consists of a cognitive
component and an emotional experience component. The former
might be characterized more easily by self-reported anger,
whereas the latter concerns the aggressive impulses in the
present study. Because aggressive behavior was assessed in a
situation with specific anger cues (TAP) and directly driven
by previous provocation, this aggression might be more of an
emotional experience related to anger. Therefore, decreasing
aggression after sadness induction implies the potential function
of sadness in regulating the angry experience component of
the subjective anger feeling. However, the regulation effects of
sadness induction on the subjective feeling of anger or self-
reported anger require further confirmation.

LIMITATIONS

Several limitations of this study should be considered. First,
in this study, all participants were randomly selected from
university students, this may limit the generalizability of our
results to children, old people and especially populations
that are without academic degree. However, given the movie
materials that the SCA strategy used are so easy to be
understood that even the individuals without much education
have no any difficulty to get the meaning and experience the
corresponding emotion, we think the influence of academic
degree could be minor if there were any, or at least, the influence
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of academic degree in our strategy should be much more less
than the cognitive reappraisal strategy that require relatively
complicated cognitive skill to change one’s mental representation
way for the unfavorable situations. Second, we primarily focused
on temporal state emotion and behavior. Trait personality
and characteristics (e.g., trait aggression, chronic stress, and
depression) should be taken into account in future studies. Third,
our results did not indicate a significant relationship between
the sAA and anger-related response. However, we observed
a marginally significant positive correlation between sAA and
cortisol. Both noradrenergic and glucocorticoid responses to
stress and their interacting influence in the brain might
impair the efficiency of reappraisal in decreasing feelings of
anger. Specifically, glucocorticoids (e.g., cortisol) exaggerate
catecholamine (e.g., noradrenaline as measured by sAA) actions
in the PFC by blocking the extraneuronal catecholamine
transporters on the glia that clear the extrasynaptic space of
catecholamine (Arnsten, 2009). Studies of the neural mechanisms
that underlie stress-induced cognitive regulation impairment
should continue to address this issue. Finally, the supporting
evidence for the SCA strategy remains at the behavioral level
with speculation about neuroendocrine responses. Precise neural
correlates of the interaction between sadness and anger should be
addressed in future research.

CONCLUSION

The present study found that cognitive reappraisal decreased
individuals’ self-reported anger and sadness induction reduced
aggressive behavior and SC under non-stress conditions. Under
acute stress conditions, cognitive reappraisal did not successfully
relieve angry feelings and was associated with higher cortisol
levels (relative to the non-stress condition), whereas sadness
induction showed the same effect as that in the non-stress
condition. These results replicate previous findings regarding the
failure of cognitive ER under stress (Raio et al., 2013), suggesting
that the cortisol response driven by the HPA axis arousal destroys
PEC function and further impairs the efficiency of cognitive
regulation. Above all, our findings provide an important step
in the investigation of a neuroendocrine convergent extension
for the efficiency of the SCA strategy that is less reliant on
PFC function, implying an approach that requires relatively less
cognitive control for ER.

ETHICS STATEMENT

This study was approved by the Institutional Review Board at
Capital Normal University. In compliance with the principles

REFERENCES

Arnsten, A. F., Wang, M. ], and Paspalas, C. D. (2012). Neuromodulation of
thought: flexibilities and vulnerabilities in prefrontal cortical network synapses.
Neuron 76, 223-239. doi: 10.1016/j.neuron.2012.08.038

of the Declaration of Helsinki, all participants provided written
informed consent prior to the start of experimentation.

AUTHOR CONTRIBUTIONS

JZ performed experimental design, implement of experiment,
analysis on all samples, interpreted data, wrote manuscript
and acted as first author; JL had substantial contributions to
the conception or design of the work, supervised experimental
design, interpreted data, edited manuscript and acted as
the first corresponding author; CL supervised development
of work, helped in sample collection, data interpretation,
manuscript evaluation and acted as second corresponding
author; JR supervised development of work, helped in experiment
design, data interpretation and manuscript evaluation and
acted as third corresponding author; XFW participated in
data analysis, data interpretation and manuscript evaluation; JF
supervised experimental design, helped to analysis all samples
and interpreted data, evaluated and edit the manuscript; JYG
participated in experimental design, manipulated test of the
biochemical indicators, helped in the analysis of data and edited
manuscript; JSZ supervised development of work, participated in
experimental design and data interpretation , helped to evaluate
and edit the manuscript.

ACKNOWLEDGMENTS

This work was supported by funding programs from the National
Natural Science Foundation of China (31271079, 31671124),
Beijing Municipal Commission of Education (TJSH20161002801,
PXM2016_014203_000027, KZ201410028034), and Beijing
Advanced Innovation Center for Imaging Technology
(BAICIT-2016018).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2017.01372/full#supplementary-material

We also used all three cortisol measures to calculated the area
under the curve with respect to ground (AUCg; see Pruessner
et al., 2003, for the formula), which was a cumulative index of
total cortisol output in response to various laboratory challenges,
the corresponding figure was presented as Supplementary
Materials.

FIGURE S1 | Comparisons of AUCg levels of cortisol after different regulation
strategies in the stress and non-stress conditions. The error bars (capped vertical
bars) represent (—1)/(+1)SE. **p < 0.01.

Arnsten, A. F. T. (2009). Stress signalling pathways that impair prefrontal
cortex structure and function. Nat. Rev. Neurosci. 10, 410-422. doi: 10.1038/
nrn2648

Averill, J. R. (1983). Studies on anger and aggression. Implications for theories of
emotion. Am. Psychol. 38, 1145-1160. doi: 10.1037/0003-066X.38.11.1145

Frontiers in Psychology | www.frontiersin.org

August 2017 | Volume 8 | Article 1372


http://journal.frontiersin.org/article/10.3389/fpsyg.2017.01372/full#supplementary-material
http://journal.frontiersin.org/article/10.3389/fpsyg.2017.01372/full#supplementary-material
https://doi.org/10.1016/j.neuron.2012.08.038
https://doi.org/10.1038/nrn2648
https://doi.org/10.1038/nrn2648
https://doi.org/10.1037/0003-066X.38.11.1145
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Zhan et al.

Anger Regulation under Stress

Bandura, A, Ross, D., and Ross, S. A. (1963). Imitation of film-mediated agressive
models. J. Abnorm. Soc. Psychol. 66, 3-11. doi: 10.1037/h0048687

Barbey, A. K., Koenigs, M., and Grafman, J. (2013). Dorsolateral prefrontal
contributions to human working memory. Cortex 49, 1195-1205. doi: 10.1016/
j.cortex.2012.05.022

Barlett, C., Oliphant, H., Gregory, W., and Jones, D. (2016). Ego-depletion and
aggressive behavior. Aggress. Behav. 42, 533-541. doi: 10.1002/ab.21648

Baumeister, R. F., and Vohs, K. D. (2007). Self-Regulation, ego depletion, and
motivation. Soc. Pers. Psychol. Compass 1, 115-128. doi: 10.1111/j.1751-9004.
2007.00001.x

Blanchard, D. C., and Blanchard, R. J. (1984). “Affect and aggression: an animal
model applied to human behavior” in Advances in the Study of Aggression, Vol.
1, eds R. J. Blanchard and D. C. Blanchard (New York, NY: Academic Press),
2-62.

Bradley, M. M., and Lang, P. J. (2000). Measuring emotion: behavior, feeling, and
physiology. Cogn. Neurosci. Emot. 25, 49-59.

Bushman, B. J. (2002). Does venting anger feed or extinguish the flame? Catharsis,
rumination, distraction, anger, and aggressive responding. Pers. Soc. Psychol.
Bull. 28, 724-731. doi: 10.1177/0146167202289002

Bushman, B. J., and Baumeister, R. F. (1998). Threatened egotism, narcissism, self-
esteem, and direct and displaced aggression: does self-love or self-hate lead to
violence? J. Pers. Soc. Psychol. 75, 219-229. doi: 10.1037/0022-3514.75.1.219

Bushman, B. J., Baumeister, R. F., and Phillips, C. M. (2001). Do people aggress
to improve their mood? Catharsis beliefs, affect regulation opportunity, and
aggressive responding. J. Pers. Soc. Psychol. 81, 17-32. doi: 10.1037/0022-3514.
81.1.17

Bushman, B. J., Baumeister, R. F., and Stack, A. D. (1999). Catharsis, aggression,
and persuasive influence: self-fulfilling or self-defeating prophecies? J. Pers. Soc.
Psychol. 76, 367-376. doi: 10.1037/0022-3514.76.3.367

Cahill, L., Gorski, L., and Le, K. (2003). Enhanced human memory consolidation
with post-learning stress: interaction with the degree of arousal at encoding.
Learn. Mem. 10, 270-274. doi: 10.1101/lm.62403

Carrion, V. G., Weems, C. F., Richert, K., Hoffman, B. C., and Reiss, A. L. (2010).
Decreased prefrontal cortical volume associated with increased bedtime cortisol
in traumatized youth. Biol. Psychiatry 68, 491-493. doi: 10.1016/j.biopsych.
2010.05.010

Chemtob, C. M., Novaco, R. W., Hamada, R. S., Gross, D. M., and Smith, G. (1997).
Anger regulation deficits in combat-related posttraumatic stress disorder.
J. Trauma. Stress 10, 17-36. doi: 10.1002/jts.2490100104

Elson, M., Mohseni, M. R., Breuer, J., Scharkow, M., and Quandt, T. (2014).
Press CRTT to measure aggressive behavior: the unstandardized use of the
competitive reaction time task in aggression research. Psychol. Assess. 26,
419-432. doi: 10.1037/a0035569

Etkin, A., Biichel, C., and Gross, J. . (2015). The neural bases of emotion regulation.
Nat. Rev. Neurosci. 16, 693-700. doi: 10.1038/nrn4044

Fuster, J. (2008). The Prefrontal Cortex. Shanghai: Elsevier Science.

Giumetti, G. W., and Markey, P. M. (2007). Violent video games and anger
as predictors of aggression. J. Res. Pers. 41, 1234-1243. doi: 10.1177/
1745691616635599

Goldfarb, E. V., Frobose, M. 1., Cools, R., and Phelps, E. A. (2017). Stress and
cognitive flexibility: cortisol increases are associated with enhanced updating
but impaired switching. J. Cogn. Neurosci. 29, 14-24. doi: 10.1162/jocn_a_01029

Hartley, L. R., and Adams, R. G. (1974). Effect of noise on the Stroop test. J. Exp.
Psychol. 102, 62-66. doi: 10.1037/h0035695

Heesink, L., Rademaker, A., Vermetten, E., Geuze, E., and Kleber, R. (2015).
Longitudinal measures of hostility in deployed military personnel. Psychiatry
Res. 229, 479-484. doi: 10.1016/j.psychres.2015.05.082

Hortensius, R., Schutter, D. J., and Harmon-Jones, E. (2012). When anger leads to
aggression: induction of relative left frontal cortical activity with transcranial
direct current stimulation increases the anger-aggression relationship. Soc.
Cogn. Affect. Neurosci. 7, 342-347. doi: 10.1093/scan/nsr012

Hubbard, J. A., Romano, L. J., McAuliffe, M. D., and Morrow, M. T. (2010).
“Anger and the reactive-proactive aggression distinction in childhood and
adolescence,” in International Handbook of Anger: Constituent and Concomitant
Biological, Psychological, and Social Processes, eds M. Potegal, G. Stemmler, and
C. Spielberger (New York, NY: Springer), 231-239.

Jiang, G., and Wei, Z. X. (1996). The Sequel of the Famous Doctors Cases: Continued
to the Famous Doctors Cases. Beijing: China Press of Traditional Chinese
Medicine.

Kassinove, H., Roth, D., Owens, S. G., and Fuller, J. R. (2002). Effects of
trait anger and anger expression style on competitive attack responses in a
wartime prisoner’s dilemma game. Aggress. Behav. 28, 117-125. doi: 10.1002/ab.
90013

Kohn, N., Eickhoff, S. B., Scheller, M., Laird, A. R, Fox, P. T., and Habel, U.
(2014). Neural network of cognitive emotion regulation—an ALE meta-analysis
and MACM analysis. Neuroimage 87, 345-355. doi: 10.1016/j.neuroimage.2013.
11.001

Lee, J., Matsumura, K., Yamakoshi, T., Rolfe, P., Tanaka, N., Kim, K., et al. (2013).
Validation of normalized pulse volume in the outer ear as a simple measure of
sympathetic activity using warm and cold pressor tests: towards applications in
ambulatory monitoring. Physiol. Meas. 34, 359-375. doi: 10.1088/0967-3334/
34/3/359

Lieberman, J. D., Solomon, S., Greenberg, J., and McGregor, H. A. (1999). A hot
new way to measure aggression: hot sauce allocation. Aggress. Behav. 25,
331-348. doi: 10.1002/(SICI)1098-2337(1999)25:5<331::AID- AB2>3.0.CO;2- 1

Lobbestael, J., Arntz, A., and Wiers, R. W. (2008). How to push someone’s buttons:
a comparison of four anger-induction methods. Cogn. Emot. 22, 353-373.
doi: 10.1080/02699930701438285

Lorber, M. F. (2004). Psychophysiology of aggression, psychopathy, and conduct
problems: a meta-analysis. Psychol. Bull. 130, 531-552. doi: 10.1037/0033-2909.
130.4.531

Lovallo, W. (1975). The cold pressor test and autonomic function: a review
and integration. Psychophysiology 12, 268-282. doi: 10.1111/j.1469-8986.1975.
tb01289.x

Lupien, S. J., Gillin, C. J., and Hauger, R. L. (1999). Working memory is more
sensitive than declarative memory to the acute effects of corticosteroids: a dose-
response study in humans. Behav. Neurosci. 113, 420-430. doi: 10.1037/0735-
7044.113.3.420

Lupien, S. J., Maheu, F., Tu, M., Fiocco, A., and Schramek, T. E. (2007). The effects
of stress and stress hormones on human cognition: implications for the field
of brain and cognition. Brain Cogn. 65, 209-237. doi: 10.1016/j.bandc.2007.
02.007

Lyons, D. M., Lopez, J. M., Yang, C., and Schatzberg, A. F. (2000). Stress-
level cortisol treatment impairs inhibitory control of behavior in monkeys.
J. Neurosci. 20, 7816-7821.

Maruyama, Y., Kawano, A., Okamoto, S., Ando, T., Ishitobi, Y., Tanaka, Y.,
et al. (2012). Differences in salivary alpha-amylase and cortisol responsiveness
following exposure to electrical stimulation versus the Trier Social Stress Tests.
PLoS ONE 7:¢39375. doi: 10.1371/journal.pone.0039375

Mauss, I. B., Cook, C. L., Cheng, J. Y., and Gross, J. J. (2007). Individual differences
in cognitive reappraisal: experiential and physiological responses to an anger
provocation. Int. J. Psychophysiol. 66, 116-124. doi: 10.1016/j.ijpsycho.2007.
03.017

McRae, K., Hughes, B., Chopra, S., Gabrieli, J. D., Gross, J. J., and Ochsner, K. N.
(2010). The neural bases of distraction and reappraisal. J. Cogn. Neurosci. 22,
248-262. doi: 10.1162/jocn.2009.21243

Muller, D., Bushman, B. J., Subra, B., and Ceaux, E. (2012). Are people more
aggressive when they are worse off or better off than others? Soc. Psychol. Pers.
Sci. 3, 754-759. doi: 10.1177/1948550612436984

Muraven, M., Tice, D. M., and Baumeister, R. F. (1998). Self-control as limited
resource: regulatory depletion patterns. J. Pers. Soc. Psychol. 74, 774-789.
doi: 10.1037/0022-3514.74.3.774

Murray-Close, D., Holland, A. S., and Roisman, G. I. (2012). Autonomic arousal
and relational aggression in heterosexual dating couples. Pers. Relationsh. 19,
203-218. doi: 10.1111/j.1475-6811.2011.01348.x

Nesbit, S. M., Conger, J. C., and Conger, A. J. (2007). A quantitative review of the
relationship between anger and aggressive driving. Aggress. Violent Behav. 12,
156-176. doi: 10.1016/j.avb.2006.09.003

Novaco, R. W. (1994). “Anger as a risk factor for violence among the mentally
disordered,” in Violence and Mental Disorder: Developments in Risk Assessment,
eds J. Monahan and H. J. Steadman (Chicago, IL: University of Chicago Press),
21-59.

Frontiers in Psychology | www.frontiersin.org

August 2017 | Volume 8 | Article 1372


https://doi.org/10.1037/h0048687
https://doi.org/10.1016/j.cortex.2012.05.022
https://doi.org/10.1016/j.cortex.2012.05.022
https://doi.org/10.1002/ab.21648
https://doi.org/10.1111/j.1751-9004.2007.00001.x
https://doi.org/10.1111/j.1751-9004.2007.00001.x
https://doi.org/10.1177/0146167202289002
https://doi.org/10.1037/0022-3514.75.1.219
https://doi.org/10.1037/0022-3514.81.1.17
https://doi.org/10.1037/0022-3514.81.1.17
https://doi.org/10.1037/0022-3514.76.3.367
https://doi.org/10.1101/lm.62403
https://doi.org/10.1016/j.biopsych.2010.05.010
https://doi.org/10.1016/j.biopsych.2010.05.010
https://doi.org/10.1002/jts.2490100104
https://doi.org/10.1037/a0035569
https://doi.org/10.1038/nrn4044
https://doi.org/10.1177/1745691616635599
https://doi.org/10.1177/1745691616635599
https://doi.org/10.1162/jocn_a_01029
https://doi.org/10.1037/h0035695
https://doi.org/10.1016/j.psychres.2015.05.082
https://doi.org/10.1093/scan/nsr012
https://doi.org/10.1002/ab.90013
https://doi.org/10.1002/ab.90013
https://doi.org/10.1016/j.neuroimage.2013.11.001
https://doi.org/10.1016/j.neuroimage.2013.11.001
https://doi.org/10.1088/0967-3334/34/3/359
https://doi.org/10.1088/0967-3334/34/3/359
https://doi.org/10.1002/(SICI)1098-2337(1999)25:5<331::AID-AB2>3.0.CO;2-1
https://doi.org/10.1080/02699930701438285
https://doi.org/10.1037/0033-2909.130.4.531
https://doi.org/10.1037/0033-2909.130.4.531
https://doi.org/10.1111/j.1469-8986.1975.tb01289.x
https://doi.org/10.1111/j.1469-8986.1975.tb01289.x
https://doi.org/10.1037/0735-7044.113.3.420
https://doi.org/10.1037/0735-7044.113.3.420
https://doi.org/10.1016/j.bandc.2007.02.007
https://doi.org/10.1016/j.bandc.2007.02.007
https://doi.org/10.1371/journal.pone.0039375
https://doi.org/10.1016/j.ijpsycho.2007.03.017
https://doi.org/10.1016/j.ijpsycho.2007.03.017
https://doi.org/10.1162/jocn.2009.21243
https://doi.org/10.1177/1948550612436984
https://doi.org/10.1037/0022-3514.74.3.774
https://doi.org/10.1111/j.1475-6811.2011.01348.x
https://doi.org/10.1016/j.avb.2006.09.003
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

Zhan et al.

Anger Regulation under Stress

Ochsner, K. N., Bunge, S. A., Gross, J. J., and Gabrieli, J. D. (2002). Rethinking
feelings: an FMRI study of the cognitive regulation of emotion. J. Cogn.
Neurosci. 14, 1215-1229. doi: 10.1162/089892902760807212

Ochsner, K. N., and Gross, J. J. (2005). The cognitive control of emotion. Trends
Cogn. Sci. 9, 242-249. doi: 10.1016/j.tics.2005.03.010

Parrott, D. J., and Giancola, P. R. (2007). Addressing “The criterion problem” in
the assessment of aggressive behavior: development of a new taxonomic
system. Aggress. Violent Behav. 12, 280-299. doi: 10.1016/j.avb.2006.
08.002

Pécher, C., Lemercier, C., and Cellier, J.-M. (2009). Emotions drive attention:
effects on driver’s behavior. Saf. Sci. 47, 1254-1259. doi: 10.1016/j.ss¢i.2009.
03.011

Phillips, M. L., Ladouceur, C. D., and Drevets, W. C. (2008). A neural model of
voluntary and automatic emotion regulation: implications for understanding
the pathophysiology and neurodevelopment of bipolar disorder. Nature 13,
833-857. doi: 10.1038/mp.2008.65

Pruessner, J. C., Kirschbaum, C., Meinlschmid, G., and Hellhammer, D. H.
(2003). Two formulas for computation of the area under the curve represent
measures of total hormone concentration versus time-dependent change.
Psychoneuroendocrinology 28, 916-931. doi: 10.1016/S0306-4530(02)00108-7

Radley, J. J., Sisti, H. M., Hao, J., Rocher, A. B., McCall, T., Hof, P. R,, et al.
(2004). Chronic behavioral stress induces apical dendritic reorganization in
pyramidal neurons of the medial prefrontal cortex. Neuroscience 125, 1-6.
doi: 10.1016/j.neuroscience.2004.01.006

Raio, C. M., Orederu, T. A., Palazzolo, L., Shurick, A. A., and Phelps, E. A. (2013).
Cognitive emotion regulation fails the stress test. Proc. Natl. Acad. Sci. U.S.A.
110, 15139-15144. doi: 10.1073/pnas.1305706110

Roy, M., Shohamy, D., Daw, N., Jepma, M., Wimmer, G. E., and Wager,
T. D. (2014). Representation of aversive prediction errors in the human
periaqueductal gray. Nat. Neurosci. 17, 1607-1612. doi: 10.1038/nn.3832

Sapolsky, R. M., Romero, L. M., and Munck, A. U. (2000). How do glucocorticoids
influence stress responses? Integrating permissive, suppressive, stimulatory, and
preparative actions. Endocr. Rev. 21, 55-89. doi: 10.1210/er.21.1.55

Tavris, C. (1984). On the wisdom of counting to ten: personal and social dangers of
anger expression. Rev. Pers. Soc. Psychol. 5,170-191.

Taylor, S. P. (1967). Aggressive behavior and physiological arousal as a function
of provocation and the tendency to inhibit aggression. J. Pers. 35, 297-310.
doi: 10.1111/§.1467-6494.1967.tb01430.x

Thayer, J. F., Ahs, F., Fredrikson, M., Sollers, J. J., and Wager, T. D. (2012). A meta-
analysis of heart rate variability and neuroimaging studies: implications for
heart rate variability as a marker of stress and health. Neurosci. Biobehav. Rev.
36, 747-756. doi: 10.1016/j.neubiorev.2011.11.009

Thoma, M. V., Kirschbaum, C., Wolf, J. M., and Rohleder, N. (2012).
Acute stress responses in salivary alpha-amylase predict increases of plasma

norepinephrine. Biol. Psychol. 91, 342-348. doi: 10.1016/j.biopsycho.2012.
07.008

Ulrich-Lai, Y. M., and Herman, J. P. (2009). Neural regulation of endocrine and
autonomic stress responses. Nat. Rev. Neurosci. 10, 397-409. doi: 10.1038/
nrn2647

van Stegeren, A., Rohleder, N., Everaerd, W., and Wolf, O. T. (2006). Salivary alpha
amylase as marker for adrenergic activity during stress: effect of betablockade.
Psychoneuroendocrinology 31, 137-141. doi: 10.1016/j.psyneuen.2005.05.012

Wager, T. D., Kang, J., Johnson, T. D., Nichols, T. E., Satpute, A. B., and Barrett,
L. F. (2015). A Bayesian model of category-specific emotional brain responses.
PLoS Comput. Biol. 11:e1004066. doi: 10.1371/journal.pcbi.1004066

Watkins, L. E., DiLillo, D., Hoffman, L., and Templin, J. (2015). Do self-control
depletion and negative emotion contribute to intimate partner aggression? A
lab-based study. Psychol. Violence 5, 35-45. doi: 10.1037/a0033955

Wellman, C. L. (2001). Dendritic reorganization in pyramidal neurons in medial
prefrontal cortex after chronic corticosterone administration. J. Neurobiol. 49,
245-253. doi: 10.1002/neu.1079

Wolf, O. T. (2016). The impact of stress on executive functions in human.
Psychoneuroendocrinology 71, 13. doi: 10.1016/j.psyneuen.2016.07.044

Xu, P. F,, Huang, Y. X,, and Luo, Y. J. (2010). Establishment and assessment of
native Chinese affective video system. Chin. Ment. Health ]. 24, 551-554.

Young, A. H., Sahakian, B. J., Robbins, T. W., and Cowen, P. J. (1999). The effects of
chronic administration of hydrocortisone on cognitive function in normal male
volunteers. Psychopharmacology 145, 260-266. doi: 10.1007/s002130051057

Zhan, J., Ren, J., Fan, J., and Luo, J. (2015). Distinctive effects of fear and sadness
induction on anger and aggressive behavior. Front. Psychol. 6:725. doi: 10.3389/
fpsyg.2015.00725

Zhang, Y. X. (1991). The measurement of experimentally induced affects. Acta
Psychol. Sin. 1, 99.

Zuckerman, M., and Lubin, B. (1985). Manual for the MAACL-R: The Multiple
Affect Adjective Check List Revised. San Diego, CA: Educational and Industrial
Testing Service.

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 © 2017 Zhan, Wu, Fan, Guo, Zhou, Ren, Liu and Luo. 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) or licensor 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 Psychology | www.frontiersin.org

13

August 2017 | Volume 8 | Article 1372


https://doi.org/10.1162/089892902760807212
https://doi.org/10.1016/j.tics.2005.03.010
https://doi.org/10.1016/j.avb.2006.08.002
https://doi.org/10.1016/j.avb.2006.08.002
https://doi.org/10.1016/j.ssci.2009.03.011
https://doi.org/10.1016/j.ssci.2009.03.011
https://doi.org/10.1038/mp.2008.65
https://doi.org/10.1016/S0306-4530(02)00108-7

https://doi.org/10.1016/j.neuroscience.2004.01.006
https://doi.org/10.1073/pnas.1305706110
https://doi.org/10.1038/nn.3832
https://doi.org/10.1210/er.21.1.55
https://doi.org/10.1111/j.1467-6494.1967.tb01430.x
https://doi.org/10.1016/j.neubiorev.2011.11.009
https://doi.org/10.1016/j.biopsycho.2012.07.008
https://doi.org/10.1016/j.biopsycho.2012.07.008
https://doi.org/10.1038/nrn2647
https://doi.org/10.1038/nrn2647
https://doi.org/10.1016/j.psyneuen.2005.05.012
https://doi.org/10.1371/journal.pcbi.1004066
https://doi.org/10.1037/a0033955
https://doi.org/10.1002/neu.1079
https://doi.org/10.1016/j.psyneuen.2016.07.044
https://doi.org/10.1007/s002130051057
https://doi.org/10.3389/fpsyg.2015.00725
https://doi.org/10.3389/fpsyg.2015.00725
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/
http://www.frontiersin.org/Psychology/
http://www.frontiersin.org/
http://www.frontiersin.org/Psychology/archive

	Regulating Anger under Stress via Cognitive Reappraisal and Sadness
	Introduction
	Materials And Methods
	Participants
	Experimental Design and Procedures
	Overview of the Experimental Procedure
	Stress manipulation
	Anger induction
	Cognitive reappraisal, sadness emotion induction, and neutral mood induction assignment
	Self-reported stress
	Self-reported anger
	Aggressive behavior measure
	Salivary cortisol and sAA determinations
	SC assessment



	Results
	Subjective Feeling of Stress
	Subjective Feeling of Anger
	Aggressive Behavior
	Skin Conductance
	Neuroendocrine Results

	Discussion
	Limitations
	Conclusion
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


