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Background: Beyond self-injurious and suicidal behaviors, depressed patients may show outward aggression. However, it remains
unclear whether high levels of aggression in depressed patients are associated with abnormalities in decision-making processes and
altered sensitivity to feedback.

Methods: Ninety-six depressed patients were recruited and divided into two groups (n = 48 patients each) based on aggression.
Patients completed psychological tests (Balloon Analog Risk Task and Iowa Gambling Task [IGT]), with event-related potentials
recorded during the IGT to measure neural responses to feedback.

Results: Depressed patients with high aggression showed stronger risk aversion on the IGT compared to those with low aggression.
Electrophysiological findings indicated that depressed patients with high aggression generate larger feedback-related negativity (FRN)
components in response to losses, as well as greater FRN amplitude differences between loss and win. The FRN difference wave
(loss—win) was significantly correlated with higher scores on the anger dimension of the Buss-Perry Aggression Questionnaire, trait
anger scale, emotion regulation difficulties, and depression severity, supporting heightened feedback sensitivity as a mechanism
underlying aggression in depression.

Limitations: The cross-sectional design limits causal inference, and the relatively small ERP subsample may affect generalizability of
electrophysiological findings.

Conclusion: Depressed patients with high aggression exhibited stronger electrophysiologic responses to negative feedback during
risky decision-making. This hypersensitivity may contribute to aggression in depression, highlighting a potential clinical target for
interventions that modulate feedback sensitivity or emotional reactivity.

Keywords: depressed patients, high aggression, risky decision-making, iowa gambling task, event-related potentials, ERPs

Introduction

The lifetime prevalence of depressive disorders in China is 6.8% with a 12-month prevalence of 3.6%.' Depression is not
only highly prevalent but is frequently accompanied by self-harm, and in some cases, violent suicide attempts.”* While
most research has focused on self-injurious suicidal behaviors in depressed patients, outward expressions of violent
tendencies may also pose significant risks to others and society. Depressed patients are more likely to exhibit hostile
attributional biases,™” respond with angry outbursts,® and demonstrate greater impulsivity compared to the general
population,” which are also risk factors for aggressive behavior. Previous studies identified a link between depressive
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symptoms and aggression in non-clinical populations.® This relationship is even more pronounced in clinical populations.
Fazel et al’ reported that depressed patients are three times more likely to commit violent offenses compared to general
population controls. Additionally, adolescents with depression in low- and middle-income countries are more likely to
engage in risky behaviors, including delinquency and self-injurious suicidal actions.'”

Executive dysfunction is a well-established risk factor for violent behavior'' with abnormalities in decision-making (a
critical executive function), which often contributes to negative behavioral outcomes. Studies investigating risky
decision-making in violent offenders have shown that violent offenders tend to exhibit greater risk-seeking biases
compared to non-violent offenders.'” Findings on risky decision-making are inconsistent among depressed patients.
For example, while some studies using the lowa Gambling Task (IGT) indicate a greater propensity for risk-taking
among depressed patients compared to healthy controls,"® other studies have reported reduced risk-taking'® or no
significant differences.'” These differences make it challenging to determine whether the heightened aggression observed
in depressed patients is associated with abnormalities in decision-making processes. Additionally, suicidal behaviors,
which can be conceptualized as a form of inward aggression (self-directed violent impulses), may share underlying
mechanisms with outward aggression. However, the relationship between decision-making and suicidal tendencies in
depressed patients is also inconsistent. Some studies have found no association between suicide attempts and impaired
performance on the IGT,'® while other studies have reported significantly impaired decision-making abilities in patients
with unipolar depression who have attempted suicide.'” Taken together, these inconsistent findings suggest that examin-
ing aggression from a decision-making perspective may provide important insight for uncovering its underlying
mechanisms.

Most studies on decision-making in depressed patients have focused on behavioral outcomes, with limited attention
given to the intrinsic mechanisms underlying these processes. Loss aversion, a central aspect of value-based decision-
making,'® has received increasing attention in aggression research. Some studies suggest that violent offenders with
psychiatric disorders, such as schizophrenia,'® intermittent explosive disorder,”® and borderline personality disorder,”’
exhibit reduced sensitivity to negative feedback, indicating weaker loss aversion. This diminished sensitivity may cause
violent offenders to disregard the potential punishments of unfavorable decisions. Conversely, other studies have
proposed the opposite, showing that heightened sensitivity to negative feedback is associated with increased
aggression.”>?* For example, adolescents with antisocial behavior exhibit significantly heightened blood oxygen level-
dependent responses in anatomic regions, such as the dorsolateral prefrontal cortex and orbital frontal cortex, during
risky decision-making involving loss feedback.”* This hypersensitivity to negative feedback may also correlate with
intensified negative emotions, such as anger> and rumination.?® In fact, negative emotional experiences are often key
contributors to maladaptive behaviors.

In the context of depression, heightened sensitivity to negative feedback has been consistently observed.>’** For

1?° reviewed animal studies showing that “pessimistic” traits are associated with increased

example, Rygula et a
responsiveness to negative feedback compared to “optimistic” traits. Similarly, Fan et al’ demonstrated a positive
correlation between sensitivity to negative feedback and psychological distress in patients with major depressive disorder
using the Balloon Analog Risk Task (BART) and event-related potentials (ERPs). Furthermore, enhanced loss aversion
may drive suicidal behaviors in depressed patients because depressed patients seek to escape the psychological pain
associated with negative feedback.®' Therefore, we hypothesize that heightened sensitivity to negative feedback in
depressed patients, contrasting with patterns seen in other psychiatric disorders, may increase psychological distress and
elevate risk for outward aggression.

Despite these findings, most studies on risky decision-making in depressed patients have relied on single tasks and
lacked an in-depth examination of the reward and punishment mechanisms or the neurophysiologic underpinnings. ERP
studies on decision-making have identified two key components that reflect the brain’s response to feedback (feedback-
related negativity [FRN] and P3 [a positive waveform occurring 300—600 ms after feedback]). FRN, originating in the
anterior cingulate cortex,*” typically occurs 200300 ms after feedback onset and reflects sensitivity to discrepancies

between expected and actual outcomes,”” error detection,** and conflict monitoring.>> Additionally, FRN reflects
appraisal of the motivational or affective impact of the error.*® Negative feedback elicits a more negative FRN amplitude

compared to positive feedback.®>” P3 reflects parietal cortex activity’® and is associated with the allocation of attentional
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resources to salient environmental information.’”*° Studies on decision-making have shown that the P3 component
responds more strongly to negative feedback than to positive feedback.>**!

Although depression is strongly associated with aggression, the mechanisms underlying risky decision-making and
sensitivity to reward and punishment have not been established. To address this gap in knowledge, depressed patients
were categorized into high- and low-aggression groups, which was determined through the BART and IGT while
recording ERP data during the IGT. We hypothesized that depressed patients with high aggression will exhibit heightened
sensitivity to loss feedback and a greater tendency toward risk aversion in decision-making compared to depressed
patients with low aggression. We further hypothesized that depressed patients with high aggression will exhibit larger
FRN and P3 amplitudes under loss feedback conditions, reflecting enhanced neural sensitivity to punishment compared
to low aggression counterparts.

Methods

Participants
Ninety-six patients with depression (male, n = 27; female, n = 69; mean age = 23.1 £ 7 years) were recruited from the
Outpatient Psychiatric Clinic and the Inpatient Ward of the Department of Psychology and Sleep Medicine (Second
Affiliated Hospital of Anhui Medical University, Anhui, China). All patients were diagnosed by a psychiatrist. The
inclusion criteria were as follows: (i) met the diagnostic criteria for depressive disorders in the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5); (ii) 15-45 years of age; (iii) right-handed; (iv) normal or corrected-to-
normal visual acuity; (v) no physical interventions, such as transcranial magnetic stimulation or convulsion-free electro-
convulsive therapy, in the last 6 months; (vi) no intellectual deficits or history of severe physical illness or brain injury; (vii)
no history of alcohol or psychoactive substance abuse; and (viii) Patient Health Questionnaire (PHQ)-9 score > 4.
Participants aged 18 years and above provided written informed consent. For participants under the age of 18, written
informed consent was obtained from a parent or legal guardian in accordance with the requirements of the Ethics
Committee of Anhui Medical University (approval number: 82240127). The study was conducted in accordance with the
Declaration of Helsinki. Based on the study objectives, patients were categorized into high- and low-aggression groups
according to their scores on the Buss-Perry Aggression Questionnaire (BP-AQ). Patients with BP-AQ scores above the
median (69.5) were assigned to the high-aggression group (n = 48), while patients with BP-AQ scores below the median
were assigned to the low-aggression group (n = 48). Median split has been widely used in psychiatric research involving
clinical populations, including major depressive disorder samples.** All participants completed self-report questionnaires
and two behavioral tasks (BART and IGT), with the order of task administration counterbalanced across participants to
control for potential order effects. To ensure statistical robustness of ERP analyses, an a priori power analysis was
conducted using G*Power 3.1. Assuming a conventional medium effect size (Cohen’s f = 0.25) for group-by-condition
interactions, with 80% power and o = 0.05 in a 2x2x2x2 repeated-measures ANOVA (within-subject factors: electrode
position, feedback type, feedback strength; between-subject factor: group), the analysis indicated a minimum requirement
of 28 participants (14 per group). Not all participants completed ERP recording during the IGT due to individual
preferences and logistical constraints (eg, scheduling conflicts and willingness to undergo ERP recording). The final ERP
subsample comprised 40 participants, which exceeded the minimum requirement by 43% (high-aggression: n = 21; low-
aggression: n = 19). The differences in demographic and clinical characteristics between the two patient groups
participating in ERP recordings were consistent with the difference in demographics and clinical characteristics observed
in the overall sample. A detailed comparison of the demographic and clinical characteristics of the overall sample is
presented in Table 1.

Measures
The PHQ-9

The PHQ-9 is a nine-item self-report measure developed by Spitzer et al**

to assess the severity of depressive symptoms.
Each item corresponds to one of the nine diagnostic criteria for major depressive disorder outlined in DSM-IV. Participants
rate the frequency of each symptom on a 4-point Likert scale ranging from 0 (not at all) to 3 (nearly every day) with higher
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Table | Demographic, Clinical, and BART Behavioral Characteristics of Depressed Patients with High and Low Aggression (Mean + SD)

Variable Depressed Patients Depressed Patients y2/t P Effect Size
with High Aggression (n=48) | with Low Aggression (n=48) (¢/Cohen’s d)

Demographic and Clinical Characteristics

Gender (male/female) 13/35 13/35 0 | /

Age (years) 22.92+7.02 23.29+7.05 0.26 0.795 /

Education (years) 13.31+2.62 13.54+3.22 0.38 0.703 /

Address (city/country) 3711 39/9 0.25 0.615 /

Hospitalisation (Yes/No) 8/40 10/38 0.27 0.601 /

Antidepressants (Yes/No) 31/17 28/20 04 0.529 /

Destroy things and injure people (Yes/No) | 24/24 12/36 6.4 0.011 0.258

Psychological Scales

PHQ-9 19.58+4.83 18.08+4.87 —-1.52 0.133 /

TAS 26.17%5.16 17.88+4.68 —8.24 <0.001 | —1.68

DERS 127.1+18.29 103.15+21.01 —5.96 <0.001 | —1.22

BP-AQ 88+12.92 55.33+10.44 —13.62 | <0.001 | —2.78

BART

PW 35.86+18.97 31.5£15.66 1.23 0.223 /

NP 9.42+4.6 9.92+5.7 —0.47 0.637 /

NwW 20.58+4.6 20.08+5.7 0.47 0.637 /

Abbreviations: PHQ-9, Patient Health Questionnaire-9; TAS, Trait Anger Scale; DERS, Difficulties in Emotion Regulation Scale; BP-AQ, Buss-Perry Aggression
Questionnaire; BART, Balloon Analogue Risk Task; PW, mean pump times of win-balloons; NP, the number of popped balloons; NW, the number of win balloons.

total scores indicating greater levels of depression. In a Chinese psychiatric sample, the Cronbach’s o for the internal
consistency reliability of the PHQ-9 was 0.86, and the 2-week test—retest reliability was 0.86.**

BP-AQ

The BP-AQ is a 29-item self-report measure designed to assess four dimensions of aggression (physical aggression,
verbal aggression, anger, and hostility). Responses were recorded on a 5-point Likert scale ranging from 1 (extremely
uncharacteristic of me) to 5 (extremely characteristic of me) with higher scores indicating greater aggression levels. In
a Chinese validation study, the Cronbach’s a for the total scale was 0.90, indicating excellent internal consistency.*’

The Trait Anger Scale

The Trait Anger Scale (TAS), a subscale of the State-Trait Anger Expression Inventory-2, consists of 10 items assessing
dispositional anger. The scale is further divided into two subscales (anger temperament and anger reaction). Participants
rate items on a 4-point Likert scale with higher scores reflecting stronger trait anger tendencies. In Chinese populations,
the TAS has demonstrated good reliability, with Cronbach’s  for the total scale reported as 0.81 in validation studies.*®

Difficulties in the Emotion Regulation Scale (DERS)

The DERS is a 36-item self-report instrument designed to evaluate difficulties in regulating emotions across six
dimensions (lack of emotional awareness, lack of emotional clarity, non-acceptance of emotional responses, difficulties
in impulse control, difficulties engaging in goal-directed behaviors, and limited access to emotion regulation strategies).
Responses are rated on a 5-point Likert scale with higher scores indicating greater emotion regulation difficulties. In
Chinese validation studies, the DERS demonstrated good internal consistency (Cronbach’s o = 0.90 for the total scale; a
= 0.68-0.89 for subscales) and adequate test—retest reliability (r = 0.84 for the total scale), supporting its reliability and
cultural applicability.*’

Behavioral Task
BART

The classic BART paradigm*® was used to examine the decision-making processes of participants. In this task, a balloon
is displayed on the screen (Figure 1) and participants are instructed to press the “F” key to inflate the balloon. Each
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Figure | Schematic of the Balloon Analog Risk Task (BART).

Notes: Participants choose to inflate or stop inflating the balloon in each trial. If the balloon is successfully inflated, a bonus is deposited into the “permanent bank”
according to the number of times the balloon was inflated and the round continues. If the balloon explodes, the balloon earnings are zeroed out and the game continues to
the next round.

incremental inflation increases the potential earnings, which are temporarily stored in a “temporary bank”. The
participants may press the “J” key to stop inflating the balloon at any time, transferring the accumulated earnings for
that balloon to a “permanent bank”. The participants are instructed to maximize their total earnings during the task. Each
inflation carries a risk of the balloon bursting. If the balloon bursts, all earnings for that balloon are lost and no amount is
transferred to the permanent bank. The probability of the balloon bursting increases incrementally with each inflation.
Balloons can be inflated up to 128 times with an average bursting point at 64 inflations. The task includes 30 balloons
that are presented sequentially.

IGT

A modified version of the IGT,*” a reward-based learning paradigm that utilizes monetary feedback, was used. The
participants were presented with two chip options, valued at 50 and 100, displayed on the screen (Figure 2) in this task.
The “F” key represents the choice of 50 and the “J”” key represents the choice of 100. Participants can either win or lose
the selected amount by starting the task with an initial fund of ¥1000 and aiming to maximize the total earnings. The 50-
chip option was designated as the favorable choice in this study and the 100-chip option was unfavorable. The probability
of winning or losing varied. Specifically, the 50-chip option had a 60% probability of winning and a 40% probability of
losing, whereas the probabilities were reversed for the 100-chip option. Importantly, these probabilities were not
explicitly disclosed to participants at the start of the task. Instead, the participants were required to learn and adapt
their decision-making strategies through feedback provided during the task. Each trial began with the presentation of the
two-chip options on the screen, followed by a fixation cross displayed for 200-400 ms. After the participant made their
selection by pressing a key, feedback was displayed for 1000 ms, consisting of a smiling face (indicating a win) or
a crying face (indicating a loss). Subsequently, the monetary outcome of the trial (eg, the amount gained or lost) was
shown for an additional 1000 ms. The modified IGT comprised a total of 300 trials divided into 6 blocks of 50 trials each.
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Figure 2 Schematic of the lowa Gambling Task (IGT).

Notes: At the beginning of each trial, two chips (valued at 50 and 100) were presented and participants were asked to make a choice. This was followed by a fixation point
displayed for 200—400 ms. Based on the participant keypress responses, a feedback stimulus (either a smiling or crying face) was shown for 1000 ms. Finally, the amount of
money won or lost during the trial was displayed on the screen for 1000 ms before proceeding to the next trial.

Electroencephalogram (EEG) Recording and Pre-Processing

EEG signals were recorded using a Neuracle 32-channel portable EEG device (Changzhou, China) following the 10-20
international electrode placement system, with 32 electrodes evenly distributed across the scalp of the participant. The
sampling rate was set to 1000 Hz and electrode impedance was maintained below 5 kQ during data acquisition. The
reference electrode was placed at the prefrontal location. For offline analysis, whole-brain averaging was applied for re-
referencing. A low-pass filter with a cut-off of 40 Hz (24 dB/octave) was used to eliminate high-frequency noise, while
a high-pass filter with a cut-off of 0.1 Hz was applied to remove baseline drift.

Data were segmented around the onset of the cued stimulus with 200 ms of pre-stimulus and 1000 ms of post-stimulus
epochs. Artifacts were identified and rejected using a combination of SASICA plug-ins and visual inspection to ensure the
reliability of the independent component analysis results. EEG preprocessing was conducted in EEGLAB running on
MATLAB. The analysis time windows were set to 200 ms prior to stimulus onset and 1000 ms following stimulus presentation
for ERPs with the 200 ms pre-stimulus period serving as the baseline. The time windows for analyzing specific ERP
components were as follows: the FRN wave was analyzed within the 250-350 ms window; and the P3 wave was examined
within the 410460 ms window. Fz and Cz were selected a priori, consistent with previous ERP studies and our scalp

topography results showing maximal FRN and P3 amplitudes at fronto-central sites during feedback processing.”*'

Data Analysis
The behavioral metrics for the BART included the adjusted mean number of inflations, which is defined as the mean number of
inflations for unexploded balloons, the number of exploded balloons, and the number of unexploded balloons. Group member-
ship (high- vs low-aggression group) for the IGT was treated as a between-subjects factor, while net scores across six blocks were
analyzed as a within-subjects factor using repeated-measures ANOVA. The net scores were calculated by subtracting the number
of unfavorable selections (100-point cards) from the number of favorable selections (50-point cards) within each block.
Repeated-measures ANOVA was performed on the raw mean wave amplitudes of the FRN and P3 components for the
ERP results. Electrode position (Fz and Cz), feedback type (loss vs win) and feedback strength (50- vs 100-point
feedback) were treated as within-subjects factors, while group (high vs low aggression) was included as a between-
subjects factor. To further investigate the impact of feedback type, a repeated-measures ANOVA was performed on the
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FRN difference wave (loss-minus-win) under loss and win conditions with electrode position (Fz and Cz) and feedback
strength (50- vs 100-point) as within-subjects factors and group membership as a between-subjects factor. Additionally,
Pearson correlation analysis was used to determine the relationship between self-reported psychological measurement
scales and the FRN difference wave. To control for false positive results arising from multiple comparisons, post-hoc
pairwise comparisons following significant ANOVA effects were adjusted using the Bonferroni correction. In addition,
all correlation analyses were subjected to false discovery rate (FDR) correction using the Benjamini—-Hochberg procedure
with o = 0.05. All statistical analyses were conducted in SPSS Statistics.

Results

Descriptive Statistics and BART Behavioral Results

A comparison of demographic and clinical characteristics (Table 1) showed that depressed patients with high aggression
and depressed patients with low aggression have no significant differences in gender, age, years of education, place of
residence, hospitalization rate, antidepressant use, and depression severity. However, depressed patients with high
aggression scored significantly higher on the BP-AQ than depressed patients with low aggression and had a notably
higher percentage of property damage or physical aggression in the past year. Additionally, depressed patients with high
aggression scored significantly higher on trait anger and difficulties in emotion regulation compared to depressed patients
with low aggression. There were no significant differences between the two groups in the BART behavioral results.

IGT Behavioral Results

The results of the repeated measures ANOVA revealed a significant interaction effect between block and group (Fs 470y =
3.87, P = 0.005, partial n> = 0.04). Simple effect analyses indicated no significant differences across blocks in the
depressed patients with low aggression, suggesting that patients in this group consistently preferred disadvantageous
options. In contrast, significant differences were detected across blocks in the depressed patients with high aggression
(F(s,90) = 3.65, P=0.005, partial n> = 0.169). Specifically, post hoc comparisons (Bonferroni-corrected) indicated that net
scores in blocks 4—-6 were significantly higher than in block 1 (all P values < 0.05), suggesting that individuals in this
group gradually shifted to more advantageous choices over time. These findings are depicted in Figure 3.

20 - Depressed patients with low aggression

'

Depressed patients with high aggression

15

10

IGT Netscores

'5 | | | ] I I
block1 block2 block3 block4 block5 block6

Figure 3 IGT Behavioral Performance in Depressed Patients with High and Low Aggression.

Notes: The means and standard errors of net scores (calculated as the number of times 50 was chosen minus the number of times 100 was chosen within each interval) across
the 6 blocks of the IGT. The blocks were defined as follows: block | = trials I-50; block 2 = trials 51—100; block 3 = trials 101—-150; block 4 = trials 151-200; block 5 = trials
201-250; and block 6 = trials 251-300. **p < 0.01.
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ERP Results
FRN
A repeated measures ANOVA on the mean amplitudes of the original FRN waveforms revealed significant main effects of
feedback type (F(; 33)= 15.47, P <0.001, partial n> = 0.289) and feedback magnitude (F(; 33)=21.47, P <0.001, partial n* =
0.361). The mean amplitude for loss conditions (2.24 + 0.33 pV) was significantly larger than win conditions (3.03 +
0.33 uV) and the mean amplitude for the 50-feedback magnitude (2.33 + 0.34 uV) was significantly larger than 100-
feedback magnitude (2.94 = 0.31 pV). Additionally, there was a significant interaction effect between feedback type and
feedback magnitude (F(; 35y = 7.22, P = 0.011, partial n*> = 0.16). Significant differences were observed between loss-50
(2.05£0.36 uV) and loss-100 (2.42 + 0.32 uV), as well as between win-50 (2.60 = 0.36 uV) and win-100 (3.46 = 0.33 uV).
Importantly, a significant interaction effect was found between group and feedback type (F(; 35y = 4.57, P = 0.039,
partial n*> = 0.107). Further simple effect analyses showed that under loss conditions the mean amplitude for the
depressed patients with high aggression (1.51 = 0.48 V) was significantly lower than the depressed patients with low
aggression (2.97 = 0.46 pV), indicating a stronger negative deflection. Given that FRN is a negative-going ERP
component, a more negative FRN amplitude reflects greater neural sensitivity to negative feedback, while no significant
differences were detected between the groups under win conditions. Within the depressed patients with high aggression,
the mean amplitude for loss conditions (1.51 + 0.48 puV) was significantly lower than win conditions (2.73 £ 0.48 uV),
whereas no significant differences between loss and win conditions were detected in the depressed patients with low
aggression. These results are illustrated in Figure 4A and B. Further analysis of the FRN difference wave (loss-win)
revealed a significant main effect of group (F(; 35y = 4.57, P = 0.039, partial n> = 0.107). The depressed patients with high
aggression exhibited a significantly larger FRN difference wave (—1.22 + 0.29 pV) compared to the depressed patients
with low aggression (—0.36 £ 0.28 uV), as shown in Figure 4C. Note that the FRN difference wave (loss — win) is more
negative when individuals differentiate more strongly between negative and positive outcomes.

P3

A repeated-measures ANOVA on the mean amplitudes of the P3 component revealed a significant main effect of
feedback intensity (F(; 35y = 11.56, P = 0.002, partial n*> = 0.233). The mean amplitude for 100-point feedback (3.57 +
0.39 uV) was significantly greater than 50-point feedback (2.91 = 0.41 puV). There was also a significant interaction effect
of electrode x feedback type (F(; 35) = 5.70, P = 0.022, partial n* = 0.13), which showed that the mean amplitude in the
loss condition (3.60 + 0.52 uV) was significantly greater than the win condition (2.98 + 0.48 pV) at the Fz electrode site,
while no significant difference was detected between loss and win conditions at the Cz electrode site. Additionally,
a trend-level interaction effect of electrode x feedback type x group existed (F; 35y = 3.65, P = 0.064, partial n> = 0.088).
Simple effect analysis indicated that the patients with high aggression had significantly greater mean amplitudes in the
loss condition at the Fz electrode site (3.36 + 0.75 uV) compared to the win condition (2.29 + 0.69 pV), whereas no
significant difference existed between loss and win conditions in the patients with low aggression. These findings are
illustrated in Figure 5A and B.

Correlation Analysis

Based on Pearson correlation analysis performed on two groups of patients with depression, the FRN difference wave
(loss-win) was significantly correlated with the anger subdimension of the BP-AQ (r = —0.66, P_FDR = 0.0004).
Additionally, it was negatively correlated with TAS (r = —0.39, P_FDR = 0.0164), the DERS (r = —0.34, P_FDR =
0.0334), and the PHQ-9 (r =—0.56, P_FDR = 0.0004), thus indicating that higher scores on these measures are associated
with a larger FRN loss—win difference (see Figure 6).

Discussion

The classic BART paradigm and an adapted IGT task were used to examine the behavioral and electrophysiologic
differences in risk decision-making between depressed patients with high and low aggression. Both groups exhibited
similar behavioral patterns in the BART task. However, depressed patients with high aggression demonstrated a strong
risk-avoidance learning effect on the IGT, increasingly favoring options with higher probabilities of winning. ERP data
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Figure 4 FRN Amplitudes and Difference Waves in Depressed Patients with High and Low Aggression.

Notes: (A) Bar chart of the mean FRN amplitudes for depressed patients with high aggression and low aggression under win and loss conditions. (B) Waveform chart of
mean FRN amplitudes for depressed patients with high aggression and low aggression under win and loss conditions. (C) Bar chart of FRN difference waves (loss - win) for
depressed patients with high aggression and low aggression. All charts are averaged across electrode sites (Fz and Cz) and feedback intensities of 50-point vs 100-point.

#p<0.05.

analysis revealed pronounced FRN and P3 components following negative feedback. The depressed patients with high
aggression showed a larger FRN and difference wave (loss-win) compared to the depressed patients with low aggression,
with similar trends observed in the P3 component. Moreover, the FRN difference wave was significantly correlated with
the anger dimension of the BP-AQ, TAS, DERS, and PHQ-9 scores.

As expected, the FRN showed a significant main effect of feedback type, which was consistent with previous research
and indicated that negative feedback elicited a larger FRN amplitude compared to positive feedback.>’>*>* Because the
FRN reflects appraisal of the motivational or affective impact of the error’® and a bias in expectations of outcomes,’”
depressed patients aimed to maximize winnings and losing money was perceived as error feedback or a deviation from
the expected outcomes in the current study. Additionally, the amplitude of the response to smaller magnitude feedback
was greater than larger magnitude feedback, which is also consistent with previous findings.**>* Specifically, the FRN to
a loss of 50 was larger than a loss of 100, likely because the probability of losing 50 was lower, which led to a greater
expectation violation. These results suggested that the FRN amplitude is not only related to the feedback outcome (win vs
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Figure 6 Correlations between the FRN Difference Wave (loss-win) and Clinical Symptom Scores.

Notes: (A) BP-AQ anger dimension. (B) TAS. (C) DERS. (D) PHQ-9. Negative correlations with the BP-AQ anger dimension, TAS, DERS, and PHQ-9 indicate that higher
scores on these measures are associated with a larger FRN loss-win difference.

Abbreviations: BP-AQ, Buss-Perry Aggression Questionnaire; TAS, Trait Anger Scale; DERS, Difficulties in Emotion Regulation Scale; PHQ-9, Patient Health
Questionnaire-9.

loss) and feedback value (feedback intensity), but also to the probability of the outcome. This finding supports the
reinforcement learning theory of the FRN, which posits that the perception of an outcome as good or bad is relative to
deviation from expectations rather than an absolute judgment.

The mean amplitude of the P3 at Fz electrode in the loss condition was significantly greater than the win condition,
which is consistent with previous studies, this finding reflects the heightened sensitivity of the P3 component to negative
feedback compared to positive feedback.’**!3¢ Given that the P3 is associated with the selective allocation of attentional

resources to salient environmental information,*”*°

negative feedback compared to positive feedback tends to evoke
stronger learning and greater cognitive resource allocation. Furthermore, the significantly larger mean amplitude of the

P3 in the 100-feedback intensity condition compared to the 50-feedback intensity condition indicates that the P3 is also
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sensitive to outcome magnitude during the feedback evaluation stage, confirming that larger outcomes elicit more
pronounced P3 responses than outcomes ones.”’

In our sample, compared with patients with low aggression, those with high aggression not only exhibited greater
loss-related FRN amplitudes, but also showed a more pronounced difference between loss and gain conditions. Similar
patterns were observed in the P3 component, where the mean amplitude difference between win and loss feedback at the
Fz electrode was larger in the high-aggression depression group. These findings suggest that patients with high
aggression exhibit abnormally heightened neural responses to negative information. This enhancement reflects not
only an increased sensitivity to negative outcomes, but also the recruitment of greater cognitive resources to resolve
conflicts between expectations and actual outcomes. The enlarged FRN may indicate amplified signaling of outcome—
expectancy mismatches and a state of excessive conflict monitoring, implying that high-aggression patients require
greater cognitive effort to adjust their behavior and emotional responses when encountering negative feedback. The
increased P3 amplitude reflects subsequent cognitive resource allocation and information integration, with the larger
win—loss difference suggesting differential attentional prioritization and processing of feedback types. These electro-
physiological findings align with functional neuroimaging evidence showing that abnormalities in the prefrontal-limbic
circuitry, particularly in the anterior cingulate cortex and ventromedial prefrontal cortex involved in conflict monitoring

859 and aggressive behaviors.®™' From a neurobiological

and emotion regulation, are associated with depression
perspective, depressed patients with high aggression may exhibit dysfunction in neural networks involved in feedback
processing. A “hyper-sensitive, hyper-reactive” response pattern to negative feedback may lower their emotional
tolerance threshold,**®® making them more prone to becoming trapped in cycles of negative affect and triggering
aggressive behaviors.

A correlation between FRN difference waves and depression scores was identified our study. Similarly, previous

studies identified a positive correlation between sensitivity to negative feedback and depression,**!

suggesting that
alterations in feedback sensitivity may sustain depressive symptoms.”** Additionally, among the four dimensions of the
BP-AQ, only anger showed an abnormal correlation with FRN difference waves. Previous studies have also reported

a positive correlation between punishment sensitivity and anger, as measured by the BP-AQ,*>%°

which aligns with our
findings. Although we did not find a relationship between the FRN component and explicit aggression (eg, physical and
verbal aggression), we hypothesize that individuals with depression may tend to suppress negative behaviors when
coping with negative emotions. This suppression mechanism might lead to the accumulation of anger and other
aggressive emotions. Because these unregulated emotions intensify over time, unregulated emotions may contribute to
more severe emotional and behavioral regulation issues. This interpretation is consistent with the revised frustration-
aggression theory, which posits that frustration, which is defined as an aversive event, triggers aggressive tendencies to
the extent that a negative affect is generated.®® Furthermore, the observed correlations between FRN difference waves,
trait anger, and difficulties in emotion regulation provide additional evidence for the positive association between
sensitivity to negative feedback and negative emotions in individuals with depression. Individuals with heightened
sensitivity to punishment often experience difficulties in emotional regulation and rely on maladaptive emotional
strategies.®” Depressed patients, in particular, exhibit a lower threshold for reacting to negative emotions and face
challenges in regulating these emotions,’® which contributes to an association with higher levels of aggression. This
explanation aligns with the hypothesis of dysfunction in the neural circuitry of emotional regulation, which suggests that
a predisposition toward aggression is linked to a reduced threshold for activating negative emotions, such as anger,
distress, and agitation.®”

According to the somatic marker hypothesis, emotions link past experiences with future expectations in decision-

making, thereby guiding and facilitating the decision-making process.”®

Depressed patients with high aggression often
exhibit hypersensitivity to negative feedback on the IGT. When disadvantageous choices lead to negative outcomes and
evoke negative somatic signals, the somatic marker system, which is centered in the ventromedial prefrontal cortex,
labels these options with negative affective states. Negative emotions, in turn, act as signals for behavioral adjustment.”’
Consequently, depressed patients with high aggression may prefer options with higher probabilities of reward, avoiding
the negative emotional experiences associated with losses. An alternative perspective, the cognitive-control model,

emphasizes the role of higher-order cognitive processes such as working memory, attention, and cognitive flexibility
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in guiding IGT performance.”*”* From this viewpoint, decision-making is shaped not only by affective biases but also by
the capacity to maintain and update explicit knowledge about task contingencies, to inhibit disadvantageous choices, and
to flexibly adapt to changing reward—punishment structures. Whereas the somatic marker hypothesis posits that emo-
tional signals precede and facilitate explicit knowledge, cognitive-control accounts suggest that conscious, strategic
processing can operate in parallel with or even override affective influences.”* In our study, FRN and P3 exhibited larger
differences between win and loss conditions in depressed patients with high aggression, indicating stronger feedback-
related learning effects. This pattern may reflect an interplay between rapid, affectively driven feedback evaluation
(FRN) and later-stage cognitive integration (P3). Thus, the concurrent enhancement of FRN and P3 could be interpreted
as evidence for a dual-process mechanism in which emotion-based and cognition-based systems jointly contribute to
behavioral adjustment during risk-related decision-making. Future studies will be needed to explore the dynamic
interaction and causal relationships between these components in guiding risk-related decisions.

In our study, we did not detect differences in the BART similar to the difference detected in the IGT, which may be
attributable to task-related differences between the paradigms. Individuals must evaluate the gain-loss probabilities
underlying different choices on the IGT, with the optimal strategy being to minimize risk-seeking behavior. Conversely,
individuals are required to pump balloons enough to maximize rewards without bursting them on the BART, meaning
that the optimal strategy involves appropriate risk-seeking.”> From the perspective of the somatic marker hypothesis,
hypersensitivity to negative feedback may facilitate the association between choices and emotions. For depressed patients
with high aggression, options with higher probabilities of loss may be rapidly linked with aversive emotions, leading to
changes in decision-making. This pattern was more pronounced on the IGT. Additionally, the current study used
a modified version of the IGT, which was simplified to better suit the study aim of examining sensitivity to feedback
during decision-making. In contrast, the BART allowed a maximum of 128 pumps per balloon, introducing greater
uncertainty in risk evaluation, which may have contributed to the inconsistent findings. Nevertheless, we also observed
that depressed patients with high aggression performed slightly better than depressed patients with low aggression across
the three behavioral outcomes on the BART. This may also reflect a stronger learning ability in this group during risk-
related decision-making. Due to practical limitations and considerations regarding patient tolerance, we did not record
ERP during the BART task. We anticipate corollary studies to address this limitation.

The current study had several notable limitations. First, its cross-sectional design precludes causal inference. Future
work employing experimental manipulation of feedback sensitivity could better clarify its causal role in aggression
among depressed individuals. Second, the sample of individuals with depression was drawn from a general hospital and
included outpatients and inpatients. Patients on antidepressant medication were not excluded, although no significant
group differences were detected. Individuals with a history of hospitalization are nearly twice as likely to engage in
violent behavior compared to outpatients,” suggesting that decision-making differences may exist between these groups.
While there is no direct evidence linking antidepressants to violent behavior,”® antidepressants may influence sensitivity
to negative outcomes.’’ Future studies should use multifactorial models to comprehensively assess the complex relation-
ships among pharmacologic treatment, hospitalization history, and risk-related decision-making. Third, ERPs lack high
spatial resolution. Future research should integrate high-resolution neuroimaging techniques, such as fMRI, to better
localize the brain regions and elucidate the neural mechanisms underlying feedback sensitivity and aggression.”® In
addition, the relatively small ERP subsample (n = 40) may limit the generalizability of the findings and reduce statistical
power for detecting more subtle subgroup differences. Finally, the majority of the depressed patients in the current study
was female, reflecting the gender distribution of clinical populations. Women are more sensitive to losses than to wins
during decision-making tasks.”® Future studies should explore the role of gender differences in the relationship between
aggression and risk-related decision-making in individuals with depression.

Conclusion

Depressed patients with high aggression exhibited enhanced FRN responses to loss feedback on the IGT, along with
greater FRN differences between loss and win conditions compared to those with low aggression. These neural patterns
suggest heightened sensitivity to negative feedback and altered cognitive—emotional processing during decision-making.
Such hypersensitivity may contribute to the persistence of depressive symptoms and may increase vulnerability to
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reactive aggression, particularly when emotional reactivity is dysregulated. From a clinical perspective, interventions
could incorporate feedback-based cognitive-behavioral strategies and emotion regulation training to reduce sensitivity to
punishment and alleviate maladaptive emotional responses. These findings may inform the design of personalized
interventions and risk assessment approaches, and they highlight potential avenues for future research, such as integrating
neurofeedback protocols or multimodal neuroimaging to target specific neural markers of maladaptive feedback proces-
sing in depression.
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