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A growing body of evidence suggests that emotion regulation (ER) plays a crucial role in the decision-making (DM)
process of suicide attempters (SA). Cognitive reappraisal (CR), an emotion regulation strategy that reinterprets
emotional situations to alter physiological and emotional responses, has been studied widely. Whereas, its effect
on SA is yet to be explored. The present study attempted to use CR to modulate ER in SA to improve their
DM performance, and explore the physiological mechanisms underlying this process. Scale scores under natural
responses and after using the CR strategy, as well as behavioral and electroencephalographic (EEG) data from
subjects were recorded during the classical DM task - ultimatum game (UG) paradigm. 52 patients with psychiatric
disorders (including 26 SA and 26 non-suicide attempters) and 22 healthy controls (HC) performed in UG. Scale
results showed that negative emotional experience scores decreased in all three groups after CR, but SA showed
less improvement compared to HC. The behavioral results showed that acceptance of SA significantly increased
after CR in both fair and unfair alternatives in the UG task, suggesting that CR can improve DM performance of
SA. Besides, we extracted the late-positive potential (LPP) and theta-gamma coupling (TGC) of EEG for analysis.
The LPP of SA was significantly higher when facing unfair alternatives than in fair ones, reflecting the fact that
SA showed stronger negative emotions in the face of unfair situations. In addition, SA exhibited TGC diminished
in frontotemporal regions when facing unfair allocation schemes, which demonstrated the existence of cognitive
impairment in SA. This study verified the feasibility of CR for the moderation of DM ability in SA and provided
new ideas for early intervention of suicidal behavior.
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1. Introduction that of the general population [4,6]. Therefore, a comprehensive under-

standing of SA is crucial at both clinical and neurobiological levels to

Suicide is one of the leading causes of death worldwide. According to
the latest report by the World Health Organization (WHO), over 700,000
people die by suicide each year [1]. Suicide imposes a significant burden
on individuals, families, and societies, making it a serious global public
health issue [2]. Therefore, suicide prevention should be prioritized in
national healthcare agendas.

Suicide attempt is considered a consistently identified risk factor for
both non-fatal and fatal suicidal behavior [3,4]. It typically refers to non-
lethal acts with an intent to die but with the potential for causing serious
self-harm [5]. In recent years, it has garnered significant attention from
scholars. Suicide attempts often recur with each subsequent attempt,
indicating a higher lethality potential [6]. Nearly half of severe suicide
attempters (SA) make another suicide attempt within five years, and the
risk of completed suicide is several tens to hundreds of times higher than
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prevent future suicidal behavior. The “neurocognitive model of suicidal
behavior” proposed by Jollant et al. highlights that altered value attribu-
tion modulation is one of the cognitive impairments commonly observed
in SA, closely associated with disadvantageous decision-making (DM) in
a social context [7]. Impaired DM resulting from emotional dysfunction
is considered a neurocognitive risk factor for suicidal behavior [8].

A large number of studies have now confirmed the impairment of
DM functions in SA [7,9]. DM, part of executive functioning, is the pro-
cess of choosing between competing alternatives, in which individuals
weigh the costs and benefits of each possible decision and estimate the
consequences of their behavior [9]. Research has shown that during
the DM process, SA tend to disregard outcome probabilities [10]. They
have a tendency to choose risky and disadvantageous options [8], as
well as struggle to integrate knowledge from past experiences into
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their ongoing DM [11]. DM deficits increase the potential for suicidal
behavior in people [12]. A study comparing the performance of patients
with bipolar disorder with and without a history of suicide attempts
in the Iowa Gambling Task (IGT) found that patients with a history
of suicide attempts had poorer DM performance [13]. Similar results
have also been found in non-clinical samples, further confirming the
robust association between decision impairments as a susceptibility
factor closely linked to suicidal behavior, independent of specific
psychiatric disorders [14]. However, much of the research has focused
on investigating changes in risk DM among SA, with less emphasis on
the regulation of DM performance among SA in a social context.

Social DM refers to the process of judgment and choice that indi-
viduals engage in within a context of social interaction. It encompasses
various phenomena such as social reciprocity, altruistic behavior, inter-
personal trust, and a sense of fairness [15]. Social DM is a form of fuzzy
DM that is typically influenced by both the social DM environment and
the interaction between individuals. When making decisions in a so-
cial context, individuals need to accurately detect and utilize contextual
cues. However, individuals with a history of suicide attempts exhibit
decision impairments when performing decision tasks in a social back-
ground. They show insensitivity to rewards and punishments and are
unable to employ decision strategies that are advantageous based on
social cues, thus demonstrating decision deficits [16].

One of the commonly used paradigms to study DM in a social in-
teraction context is the ultimatum game (UG) paradigm [17]. In the
UG, a proposer suggests a way to divide a fixed amount of money, and
the responder must either accept or reject the proposal. If the respon-
der accepts the proposal, the suggested allocation is implemented. If the
responder rejects the proposal, neither party receives anything. In the
UG, the responder’s (individual-level) strategy for maximizing rewards
is to accept all proposals, while the proposer’s strategy for maximiz-
ing rewards is to make the smallest possible proposal [17]. However,
in the UG, people do not always pursue their own maximum benefit
[18]. Szanto et al. [18] used the UG paradigm to observe the impact of
perceived social injustice on DM in social interactions. They observed
that older depressed individuals with a history of high-lethality suicide
attempts predominantly rejected unfair proposals based on a sense of
unfairness, disregarding their own economic losses. Decisions in a so-
cial context are influenced by emotion regulation (ER) strategies [16],
thus improving the ER abilities of SA is of great significance in address-
ing social DM impairments and reducing suicide risk.

ER, the process of regulating various components of emotional activ-
ity [19], plays a crucial role in maintaining mental health and prevent-
ing suicide or self-harm [20,21]. Cognitive reappraisal (CR), as an ER
strategy, aims to encourage individuals to reevaluate emotional events
and reinterpret them from a positive perspective, thereby reducing nega-
tive emotions [21]. Research has shown that adopting CR as an ER strat-
egy effectively reduces emotional experiences, expressions, and physio-
logical reactions in individuals [22], leading to a reduction in negative
emotions at both behavioral and neural levels [20] and decreasing the
influence of emotions on DM behavior [23]. Currently, studies on ER
among SA mainly focus on the use of ER strategies. However, further
investigation is needed to understand the direct impact of ER strategies
on the social DM of SA.

Existing suicide risk measurements heavily rely on subjective assess-
ments, and there is an urgent need for more objective and comprehen-
sive indicators of suicide risk to fully reflect the complex pathologi-
cal mechanisms involved. Electroencephalogram (EEG) features demon-
strate significant potential for generating neurophysiological pattern in-
formation of suicide patients in a cost- and time-efficient manner, offer-
ing possibilities for improving the current suicide risk assessment and
prevention [3]. Since the DM process unfolds over time, event-related
potential (ERP) techniques in EEG analysis can be used to assess emo-
tional changes in SA [24]. When the EEG is time-locked to the presen-
tation of specific events and stimuli, the voltage modulation that occurs
over time is referred to as ERPs [25]. ERP, as an important method
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for studying DM, with their high temporal resolution, helps reveal un-
derlying psychological activities and cognitive processes during DM. In
recent years, ERP studies focused on CR strategies have mainly centered
around the influence of the Late Positive Potential (LPP). The LPP is a
centroparietal maximum positive ERP component that typically appears
around 400 milliseconds after stimulus onset. It is commonly associated
with attention and evaluative processes related to task-relevant stim-
ulus [26,27]. The LPP is modulated by bottom-up image content and
is larger in response to emotional stimuli compared to neutral stimuli,
making it a potential surrogate measure of ER [28,29]. Research has
shown that following CR, the LPP elicited by negative stimuli is signif-
icantly reduced [29,30]. Studies have shown a significant reduction in
LPP following CR, particularly in response to negative stimuli [29,30].
However, the performance of LPP in SA undergoing CR as an ER strat-
egy in clinical settings is not yet clear. Exploring the LPP response of
SA under CR can contribute to further understanding the role of ER in
suicide risk.

In addition to ERPs, phase-amplitude coupling (PAC) is a promis-
ing method for studying cognitive processes. PAC is a form of cross-
frequency coupling (CFC) between different frequency neural oscilla-
tions, where high-frequency amplitude is modulated by low-frequency
phase [31]. PAC has been found to be potentially correlated with
changes in brain function, and several studies have reported abnormal
PAC in patients with psychiatric disorders [32]. Chattun et al. conducted
a magnetoencephalography (MEG) study on patients with major depres-
sive disorder (MDD) during resting-state and found a significant reduc-
tion in alpha-gamma PAC between the right caudate and left thalamus in
the high-suicide-risk group compared to the low-suicide-risk group and
healthy controls [33]. Our previous study [34] also indicated a signifi-
cant reduction in theta-gamma coupling (TGC) in the natural responses
(NR) of SA during a DM task. Therefore, exploring changes in PAC un-
der NR conditions and after CR conditions in psychiatric patients can
provide insights into their neurocognitive processes.

This study aims to investigate the ER effects of CR strategies on SA
in a clinical setting. We combined behavioral and EEG assessments to
examine the regulatory effects of CR on fair DM performance in SA dur-
ing an UG task. By comparing inter-group and intra-group changes in
behavioral and electrophysiological data, we aim to explore the differ-
ential characteristics of DM under NR conditions and after the use of
CR as an ER strategy in SA, non-suicide attempters (NSA), and healthy
controls (HC). This will provide an objective evaluation of the impact
of CR strategies on fair DM performance in SA.

2. Methods and experiments
2.1. Participants

A total of 74 participants were recruited for this study, with ages
ranging from 18 to 60 years old and an average age of 38 years. All
participants were right-handed. Among them, a total of 52 clinical psy-
chiatric disorder patients were recruited from Tianjin Anding Hospital.
All patients were diagnosed by the same experienced clinical psychia-
trist based on the International Statistical Classification of Diseases 10th
Revision (ICD-10). The Suicide Definition and Classification System (SD-
VCS) was used in this study to define and classify suicide. Based on their
history of suicide attempts, patients were divided into a SA group con-
sisting of 26 participants (male: 12; female: 14) and a NSA group con-
sisting of 26 participants (male: 8; female: 18). There were no significant
differences in gender ratio and age between the two groups. Addition-
ally, 22 age- and gender-matched healthy individuals (male: 6; female:
16) were recruited as a HC group from nearby communities, streets, and
schools.

The inclusion criteria for the SA group were as follows: (1) individ-
uals with a documented history of suicide attempts based on interviews
with clinical doctors and electronic medical records; (2) no history
of diagnosed organic brain disorders or chronic physical illnesses; (3)
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considering that suicide behavior is often associated with a history
of depression, bipolar affective disorder, and schizophrenia, clinically
diagnosed patients with depression, bipolar disorder, or schizophrenia
were allowed to participate, while patients in manic or mixed episodes
were excluded; (4) ability to understand the task instructions and
cooperate in the collection of EEG data.

The inclusion criteria for the HC group were as follows: (1) no his-
tory of suicidal behavior or any mental health issues, both physically
and mentally healthy; (2) no prior diagnosis of any psychiatric disor-
ders or other physical illnesses; (3) exclusion of participants studying
in applied psychology, psychiatry, or engaging in professions related to
psychology. Participants should not have any language comprehension
disorders, color blindness, and should have normal or corrected vision.

This study incorporated the ICD-10, Mini International Neuropsy-
chiatric Interview (MINI), Beck Scale for Suicidal Ideation (BSI), Beck
Depression Inventory (BDI), State-Trait Anxiety Inventory (STAI), and
Positive and Negative Affect Schedule (PANAS) to assess the patients.

The project was approved by the Ethics Committee of Tianjin Uni-
versity and Ethics Committee of Tianjin Anding Hospital. All procedures
followed were in accordance with the ethical standards of the respon-
sible committee on human experimentation (institutional and national)
and with the Helsinki Declaration of 1975, as revised in 2008 (5). In-
formed consent was obtained from all patients for being included in the
study. All participants provided informed consent and received appro-
priate gifts based on their performance at the end of the program.

2.2. Experimental design

2.2.1. Procedures

The experiment consists of three sequential task stages: a 25-minute
UG task under NR conditions, a 10-minute CR strategy training, and a
25-minute UG task under CR conditions (as shown in Fig. 1).

Before the experiment begins, a professional staff conducts a brief
MINI with the participants for approximately 30 minutes and completes
clinical psychological scales according to the guidelines. Once the prepa-
rations are complete, the participants sit in front of the computer screen,
and the experimenters explain the tasks, ensuring that the participants
fully understand and become familiar with the task content before start-
ing the experiment.

In the UG task, the participants visually attend to the screen and re-
spond by pressing either the accept key (‘F’) or the reject key (‘J’) for
the allocation schemes presented. The participants first practice with
five trials and then proceed to the formal experiment, which consists of
a total of 100 trials. After all the trials are completed, the total amount
obtained by the participants is displayed on the screen. Following the ex-
periment, the participants are required to complete the PANAS and rate
each allocation scheme on a scale of 1 to 7, indicating fairness (1 = very
unfair, 7 = very fair).

Next, the participants undergo CR strategy training. The training pro-
cess follows the method proposed by Grecucci et al. [35,36], which will
be further explained in Section 2.2.3. During the training, the partici-
pants practice using the CR strategy several times, and their success in
employing the strategy in the task is rated on a scale of 1 to 7. The over-
all judgment of successful use of the CR is based on the rating results,
combined with the participants’ subjective responses. A rating of 4 or
above is generally considered as correctly using the strategy, while a
lower rating prompts continued CR training.

Once the participants are able to successfully employ the strategy,
the UG task is conducted again, consisting of a total of 100 trials. This
task is identical to the UG task under NR conditions. After the exper-
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iment, the participants complete the PANAS once more and rate each
allocation scheme on a scale of 1 to 7, indicating fairness level.

2.2.2. Ultimatum game (UG)

The UG is a classic paradigm used to study social DM. In this study,
an adapted Chinese version of the classic UG task was utilized (Fig. 2 a
[371). Two participants were each given a fixed amount of money (100
RMB). One player acts as the proposer and the other as the responder.
The proposer needs to propose a distribution plan to the responder, and
there are five distribution plans to choose from (90/10, 80/20, 70/30,
60/40 and 50/50). After the allocation scheme is proposed, the respon-
der has the right to decide whether to accept it or not. If accepted,
the transaction is successful and both parties receive their respective
amounts. If rejected, the deal is unsuccessful and neither party benefits.
The 90/10 and 80/20 schemes are considered unfair, while the 60/40
and 50/50 schemes are considered fair. The 30/70 scheme is considered
a neutral allocation.

In this study, the participants act as responders in the DM task and
are informed that the allocation schemes they receive were proposed
by other participants, although in reality, these schemes are predeter-
mined by a computer and presented randomly. The entire experiment
lasts approximately 90 minutes. At the end of the experiment, the par-
ticipants receive a gift of equivalent value to the amount earned during
the experiment.

2.2.3. Cognitive reappraisal (CR)

The specific procedure for CR training is as follows: The experi-
menter introduces the definition of CR strategy to the participants and
provides multiple explanations using negative images (e.g., Fig. 2b). (1)
We may think that this woman is going through the pain of losing a child
and feels very sad and difficult to accept. (2) We may also think that this
woman is just tired and experiencing a minor headache. Both interpre-
tations are reasonable, but the latter (2) appears less negative compared
to (1), resulting in a reduction of negative experiences. We refer to this
method as CR. The participants are required to explain a series of nega-
tive images and adopt less negative interpretations as much as possible.
After successfully using this strategy, the participants are instructed to
employ CR in the subsequent UG task. They are prompted to imagine
that the proposer in the task might be facing financial difficulties or
have a great need for the money when encountering unfair allocation
schemes, thereby reducing negative experiences. The negative images
used during the training phase are selected from the Chinese Affective
Picture System database.

2.3. Data acquisition

The present study utilized the SynAmps2, a brainwave signal
recorder manufactured by Neuroscan, USA. The Neuroscan 4.5 system
was used to collect EEG signals, and electrodes were placed according
to the international standard 10/20 electrode placement system. The
EEG signals were recorded at a sampling frequency of 1,000 Hz, and a
notch filter at 50 Hz was applied to remove power line interference. The
bandpass filter ranged from 0.01 to 70 Hz. In this study, the left mastoid
(‘M1’) electrode was chosen as the reference electrode, and a total of 60
electrode channels were recorded. Throughout the entire experiment,
the impedance of each channel was maintained below 5 kQ.

2.4. Data analysis

2.4.1. Preprocessing

The preprocessing of the electroencephalogram (EEG) data was per-
formed using the EEGLAB toolbox in MATLAB (version 2016a). The pre-
processing of the EEG data involved referencing the raw data to the av-
erage of the bilateral mastoids ([M1 + M2]/2), bandpass filtering the
data within the range of 0.1-150 Hz, down-sampling to 500 Hz, and us-
ing Independent Component Analysis (ICA) to remove signal artifacts.
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for PAC.

The data were segmented from 200 ms before stimulus onset to 800 ms
after stimulus onset, according to the stimulus presentation paradigm. A
baseline correction was applied to the data from 200 ms before stimulus
onset. Epochs with peak-to-peak amplitudes exceeding + 100 uV were
excluded as outliers. Finally, an average of approximately 30 trials per
condition (fair, unfair) was obtained.

2.4.2. ERP analyses

We selected the representative event-related potential (ERP) compo-
nent, the Late Positive Potential (LPP), which reflects individual DM
processes, for analysis. The LPP is a late positive component of the
brain’s electrical activity occurring 400 ms after stimulus presentation.
This component is mainly distributed in the parietal region and reflects
subjective perception and evaluation of emotionally relevant stimuli.
Combining the previous related studies and the waveform characteris-
tics in this study, we primarily focused on the average amplitude of three
electrode channels: Cz, CPz, and Pz, for temporal analysis. The LPP was
calculated by averaging the amplitudes within the time window of 400
to 800 ms.

2.4.3. PAC analyses

PAC is a commonly used method to investigate coupling phenomena
between frequency bands in the brain. There are various calculation
methods for PAC, such as Phase Locking Value (PLV), Minimum Vec-
tor Length (MVL), Modulation Index (MI), envelope signal correlation,
and generalized linear model. Tort et al. conducted the most extensive
comparison to date, including most of the methods listed above, and
evaluated their performance in terms of noise tolerance, amplitude in-
dependence, sensitivity to multimodality, and sensitivity to modulation
width [38]. Their results showed that MI received good evaluations in
all aspects, while PLV received poor evaluations in all aspects. MVL re-
ceived favorable evaluations in certain aspects (e.g., noise tolerance) but
had weaknesses in other aspects (e.g., amplitude dependence). There-
fore, this study utilized MI to measure the degree of PAC. MI is cal-
culated by analyzing the distribution of high-frequency amplitude on
the low-frequency phase signal and computing the Shannon entropy of
that distribution. The MI value is positively correlated with the strength
of low-frequency phase modulation on high-frequency amplitude. The
steps for calculating MI in this study are illustrated in Fig. 2c.
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To extract the phase, the EEG signals were first bandpass filtered
from 0.5 to 30 Hz, and the standard Hilbert transform was applied to
extract the phase of the low-frequency component. Similarly, to obtain
the amplitude component, the EEG signals were bandpass filtered from
50 to 140 Hz, and the Hilbert transform was used to extract the ampli-
tude from the filtered signal. For each frequency pair, the distribution
of the instantaneous amplitude envelope was calculated during each 20°
interval of the instantaneous phase, creating 18 phase bins. The average
amplitude of each bin was normalized by the sum of the average ampli-
tudes across all bins, resulting in a probability distribution that yields
the MI as a measure of coupling strength.

3. Results and discussion
3.1. Results of the scale analysis

In this study, the emotional scores of three groups were analyzed.
Table 1 describes the differences in PANAS scores among the three
groups during the UG task under NR and CR conditions. From the table,
it can be observed that after CR, all three groups showed a decrease in
negative emotional experience scores and an increase in positive emo-
tional experience scores. However, compared to HC, SA group exhibited
a smaller improvement in negative emotional experience scores.

A 2 (Condition: NR, CR) x 3 (Group) x 2 (Emotion: positive, nega-
tive) repeated measures analysis of variance (ANOVA) was conducted to
analyze the emotional scores of the three groups. The results showed a
significant interaction between condition and emotion (F(1,74) = 15.92,
p < 0.01, n? = 0.15). Simple effect analysis indicated that the positive
emotional scores in the DM task were significantly higher than the neg-
ative emotional scores under both NR and CR conditions (p < 0.01).

The between-group analysis revealed that under the NC, SA group
had significantly higher negative emotional experience scores than those
of NSA group (p < 0.05). After conducting the DM task with CR, SA
group still had significantly higher negative emotional experience scores
than those of NSA group (p < 0.05) and HC (p < 0.05). Furthermore,
paired-sample t-tests were conducted to analyze the differences in emo-
tional scores under NR and after CR conditions within each group.
The results showed that only the HC exhibited a significant increase
in positive emotion (p < 0.05) and a significant decrease in nega-
tive emotion (p < 0.01) after CR, while the other two groups did not
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Condition NSAP

SA? HC® Statistic F p value Post Hoc
NR¢
positive 28.23 +7.71 28.32 + 8.12 29.75 + 5.73 0.28 0.754
negative 22.20 +9.33 16.00 + 7.53 18.30 + 4.32 3.78 0.028* SA > NSA
CR®
positive 29.95 +11.1 29.11 +9.34 31.25 + 7.42 0.25 0.778
negative 20.66 + 8.99 15.63 + 6.44 15.40 + 4.31 4.01 0.02 SA > NSA,HC

a A represent the suicide attempters. PNSA represent the non-suicide attempters. °HC represent the healthy controls. CR represent the cognitive reappraisal. °NR
represent the natural responses. M stands for mean, SD stands for standard deviation, and *indicates p < 0.05.
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Fig. 3. Acceptance rates of different allocation schemes for three groups of subjects under NR condition and after use of the CR strategy (Natural condition

UG: NUG, Cognitive reappraisal UG: CUG). *p < 0.05, **p < 0 .01.

show significant differences in emotional scores under NR and after CR
conditions.

3.2. Results of the behavioral analysis

Fig. 3. presents the results of a repeated measures ANOVA on the
acceptance rates for different allocation schemes under NR condition
and after the use of ER strategies in the HC/NSA/SA groups. The
analysis included a 2 (Condition: NR, CR) x 3 (group) x 2 (allocation
scheme) design. We found a significant effect of ER (F(1, 74) = 75.83,
p < 0.01, 72 = 0.506), a significant main effect of allocation scheme
(F(2, 73) = 97.78, p < 0.01, #? = 0.580), and a significant interac-
tion between ER and allocation scheme (F(2, 73) = 26.66, p < 0.01,
7% = 0.279). Simple effect analysis revealed that, except for the fair
allocation scheme, the acceptance rates significantly increased after CR
compared to the NR condition (p < 0.01). These results indicated that
all three groups were able to effectively utilize CR strategies to improve
acceptance rates in the task, but there were no significant differences
in acceptance rates among the groups for each allocation scheme under
NR and CR conditions.

The reaction times during the DM task was analyzed using repeated
measures ANOVA with a 2 (Condition: NR, CR) x 3 (group) x 2 (allo-
cation scheme) design. The results showed non-significant effects for
condition, group, and allocation scheme. This suggests that, compared
to the NSA group and HC, the SA group did not exhibit significant
abnormalities in reaction times during the DM task under NR and after
CR conditions.

3.3. Results of the ERP analysis

Fig. 4a depicts the LPP waveforms induced during DM under NR
condition and after CR in the three groups. The results of a repeated
measures ANOVA with a 2 (Condition: NR, CR) x 3 (group) x 2 (al-
location scheme) design showed that neither the interaction effect be-
tween condition and groups nor the interaction effect between condition
and groups was significant. There were no significant differences in LPP
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waveforms under NR and after CR conditions, regardless of whether
participants were facing a fair or unfair allocation scheme.

Fig. 4b shows within-group differences in LPP amplitudes for the
three groups during the task when facing different allocation schemes
in both NR and CR conditions. Paired-sample t-test results revealed that
only in the SA group, there was a significant increase in LPP ampli-
tude for unfair decisions compared to fair decisions after employing CR
(p = 0.017). However, such phenomenon was not observed in the NSA
group and HC. This indicates that after using CR strategies, SA still ex-
hibit sustained processing of unfair decision-making information and
abnormal perception of fairness.

The results of between-group one-way ANOVA on the LPP elicited
by different allocation schemes under NR and after CR conditions are
shown in Fig. 5. When facing a fair allocation scheme, no significant
between-group differences were found in both NR and CR conditions.
However, when facing an unfair allocation scheme, the LPP amplitude
elicited in the DM task after CR strategies was significantly greater in
the SA group compared to the NSA group (p = 0.025). The effective-
ness of CR strategies in the SA group was lower than that in the NSA
group.

3.4. Results of the PAC analysis

The non-parametric Kruskal-Wallis test was employed to analyze
within-group differences in PAC under NR and after CR conditions. The
results showed no significant differences in TGC among the three groups
under NR and after CR conditions. As depicted in Fig. 6, the SA group
exhibited a reduction in TGC in the frontal-central region after using
CR compared to the NR condition. However, statistical analysis did not
reveal significant differences.

Fig. 6b and c illustrate the graphical and statistical results of the
differences in TGC after CR strategies among the three groups. Group-
level analysis using the non-parametric Kruskal-Wallis test, followed by
Bonferroni-corrected post-hoc pairwise comparisons, revealed that after
CR, the SA group exhibited a significant reduction in frontal TGC com-
pared to the HC (p = 0.038) and the NSA group (p = 0.023). Additionally,
when compared to the NSA group, the SA group still demonstrated a sig-
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nificant reduction in temporal TGC (p = 0.015). These findings indicate
that SA exhibit abnormal TGC in the frontal and temporal regions in
both NR and CR condition, suggesting the presence of cognitive impair-
ments in SA.

4. Conclusion

This study primarily investigated the impact of CR, an emotion reg-
ulation strategy, on the fairness DM performance of SA. By employing
ERP and PAC techniques to extract dynamic EEG characteristics, behav-
ioral and neurophysiological differences were compared among the SA
group, NSA group and HC under NR and after CR conditions during the
DM process.

Behavioral and scale analysis results showed that the SA group had
significantly increased acceptance rates and decreased negative emotion
scores after using CR strategy. However, their negative emotion scores
remained significantly higher compared to the NSA group and HC. Elec-
trophysiological results indicated no significant differences in LPP am-
plitudes under NR and after the CR conditions. However, the SA group
exhibited a significantly higher LPP amplitude than the NSA group when
faced with unfair allocation schemes, reflecting stronger negative emo-
tions when using CR to cope with unfair decisions. It is inferred that the
SA group’s ability to reduce negative emotions using the CR strategy
may be lower than that of the NSA group. Analysis of theta-gamma PAC
revealed reduced coupling in the frontotemporal region of the brain in
the SA group when faced with unfair allocation schemes. These results
objectively measured the impact of the CR emotion regulation strategy
on the social DM performance of SA from both behavioral and neuro-
logical perspectives. They indicate that the SA group can effectively use
the CR strategy to significantly improve acceptance rates behaviorally.
However, in terms of electrophysiological indicators, which are more
sensitive than behavioral measures, the SA group’s ability to use the CR
strategy appears lower than that of the NSA group.

Previous neuroimaging studies have identified the neural basis of
decision making as a suicide susceptibility trait [14,39]. This study pro-
vides a neurophysiological basis for understanding the effects of the
CR strategy on the social decision-making performance of suicide at-
tempters and contributes to the research on emotion regulation strate-
gies for preventing suicide.
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