Supplementary Material
Anger Induced by a Modified Ultimatum Game in Borderline Personality Disorder: an experimental study
Milad Amini Masouleh1,2,*, Romy Wachter2,3, Valerie Skarke2,3, Traute Demirakca2,4, Gabriele Ende2,4, Florian Bublatzky 1,2,Shadab Javanmard1,2, Jana Zweerings5, Catherine Barnes-Scheufler6, Christian Schmahl1,2, Christian Paret1,2,*
1. Department of Psychosomatic Medicine and Psychotherapy, Central Institute of Mental Health, Medical Faculty Mannheim/Heidelberg University, Mannheim, Germany
2. German Center for Mental Health, Partner Site Mannheim-Heidelberg-Ulm
3. Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany
4. Department of Neuroimaging, Medical Faculty Mannheim, Central Institute of Mental Health, Heidelberg University, Mannheim, Germany
5. Department of Psychiatry, Psychotherapy and Psychosomatics, University Hospital RWTH Aachen, Aachen, Germany
6. Department of Psychiatry, Psychosomatic Medicine and Psychotherapy, University Hospital Frankfurt, Goethe University Frankfurt, Frankfurt am Main, Germany
*Correspondence to: miladamini.masouleh@zi-mannheim.de, christian.paret@zi-mannheim.de
Supplementary Results
We conducted complementary robustness analyses by excluding individuals who accepted ≥95% of all offers. This analysis was conducted to ensure that high-acceptance participants did not affect the results. These response patterns have been previously interpreted as reflecting disengagement from fairness evaluation rather than genuine social decision-making behavior (e.g., [1, 2]).
S1. Sample demographics after exclusion of high-acceptance participants
After excluding high-acceptance participants, 80 participants, including 29 individuals with Borderline Personality Disorder (BPD) and 51 healthy controls (HC) remained. One non-binary participant was excluded from gender-difference analyses.
Table S1. Sample demographics 
	Group
	N
	Gender (F/M)
	Age (M ± SD)

	HC
	51
	38 / 13
	26.2 ± 6.2

	BPD
	29
	25 / 3
	26.8 ± 8.0


S2. Fairness effects after exclusion of high-acceptance participants
A repeated-measures ANOVA showed a strong main effect of fairness on rejection rates, F(1.91, 149.09) = 372.98, p < .001, η²g = .64. Rejection rates increased from fair to medium to unfair offers.
Table S2. Fairness effects 
	Effect
	df
	F
	p
	η²g

	Fairness
	1.91, 149.09
	372.98
	< .001
	.64


S3. Gender effects after exclusion of high-acceptance participants
A non-parametric Wilcoxon rank-sum test was used to analyse gender differences in unfair-offer rejection after exclusion of high-acceptance participants, with Welch’s independent-samples t-test reported as a complementary parametric test. After exclusion of high-acceptance participants, the Wilcoxon rank-sum test remained significant, W = 292, p = .005, whereas Welch’s t-test was no longer significant, t(23.1) = −1.39, p = .178.
Table S3. Gender differences in unfair-offer rejection after exclusion
	Gender
	Mean
	SD
	Welch’s t(df)
	Welch’s p
	Cohen’s d
	Wilcoxon W
	Wilcoxon p

	Female
	21.65
	5.35
	−1.39 (23.1)
	.178
	−0.39
	292
	.005

	Male
	19.56
	5.38
	
	
	
	
	


S4. Group × Fairness effects after exclusion of high-acceptance participants
The Group × Fairness interaction observed in the full sample was no longer significant after exclusion of high-acceptance participants, F(1.91, 149.09) = 0.95, p = .385, indicating that the full-sample interaction was not robust to exclusion of high-acceptance participants.
Table S4. Group × Fairness effects
	Effect
	df
	F
	p
	η²g

	Group
	1, 78
	0.22
	.640
	.00

	Group × Fairness
	1.91, 149.09
	0.95
	.385
	.00


S5. Habituation effects after exclusion of high-acceptance participants
Behavioural habituation was examined by comparing unfair-offer rejection rates between the first and second task run. No significant difference emerged, t(79) = −0.08, p = .934, d = 0.01, indicating no evidence for behavioural habituation across runs after exclusion of high-acceptance participants.
S6. Threat-of-Shock effects after exclusion of high-acceptance participants
A 2 (Condition: Safe vs. Threat) × 2 (Group: BPD vs. HC) mixed ANOVA was conducted to assess the effect of threat on rejection rates after excluding high-acceptance responders. A main effect of Condition remained significant, F(1, 78) = 6.10, p = .016, η²g = .003, indicating lower rejection rates under threat conditions. This effect was also confirmed by a non-parametric Wilcoxon signed-rank test, V = 296.5, p = .028. Neither the main effect of Group nor the Group × Condition interaction was significant.
Table S5. Threat-of-Shock effects after exclusion
	Effect
	df
	F
	p
	η²g

	Condition (Threat vs. Safe)
	1, 78
	6.10
	.016
	.003

	Group
	1, 78
	0.70
	.404
	.009

	Group × Condition
	1, 78
	2.68
	.106
	.001


S7. Emotional ratings after exclusion of high-acceptance participants
Emotional responses following the task were analysed using Pre–Post emotional ratings and were consistent with the main results. A significant main effect of group was observed, F(1, 78) = 106.38, p < .001, η²g = .176, indicating higher overall emotional intensity in the BPD group compared with healthy controls. There was also a significant Group × Time interaction, F(1, 78) = 4.06, p = .047, η²g = .003, and a strong Group × Emotion interaction, F(2.44, 190.00) = 77.19, p < .001, η²g = .361. The Time × Emotion interaction was also significant, F(2.38, 185.65) = 20.59, p < .001, η²g = .052, whereas the Group × Time × Emotion interaction was not significant, F(2.38, 185.65) = 1.24, p = .295, η²g = .003. Anger increased significantly from pre- to post-task, t(79) = -4.50, p < .001, indicating successful anger induction. Happiness showed a modest decrease, t(79) = 2.24, p = .028, fear decreased significantly, t(79) = 4.53, p < .001, and sadness did not change significantly, t(79) = -1.32, p = .192.
Table S6. Emotional ratings after exclusion
	Group
	Emotion
	Time Point
	Mean
	SD

	HC
	Anger
	Pre-aiUG
	0.67
	1.33

	HC
	Anger
	Post-aiUG
	1.65
	2.24

	HC
	Happiness
	Pre-aiUG
	7.20
	1.83

	HC
	Happiness
	Post-aiUG
	6.68
	2.24

	HC
	Fear
	Pre-aiUG
	1.94
	2.27

	HC
	Fear
	Post-aiUG
	0.78
	1.28

	HC
	Sadness
	Pre-aiUG
	0.62
	1.56

	HC
	Sadness
	Post-aiUG
	0.74
	1.49

	BPD
	Anger
	Pre-aiUG
	3.52
	2.80

	BPD
	Anger
	Post-aiUG
	5.85
	2.66

	BPD
	Happiness
	Pre-aiUG
	3.54
	1.96

	BPD
	Happiness
	Post-aiUG
	3.14
	1.47

	BPD
	Fear
	Pre-aiUG
	5.45
	2.84

	BPD
	Fear
	Post-aiUG
	4.49
	2.43

	BPD
	Sadness
	Pre-aiUG
	4.90
	3.14

	BPD
	Sadness
	Post-aiUG
	5.37
	2.59


S8. Offer-related emotion ratings after exclusion of high-acceptance participants
Offer-related emotional ratings were analysed after excluding high-acceptance participants. The overall pattern remained consistent with the full-sample analysis. A mixed-design ANOVA with Offer Type, Emotion, and Group revealed significant main effects of Group, F(1, 78) = 20.67, p < .001, η²g = .057, Offer Type, F(1.62, 126.48) = 13.37, p < .001, η²g = .020, and Emotion, F(2.05, 159.51) = 51.82, p < .001, η²g = .199. The Group × Offer Type × Emotion interaction also remained significant, F(2.92, 227.80) = 3.76, p = .013, η²g = .012, indicating that group differences in emotional responses varied by offer type and emotion.
Table S7. Offer-related emotion ratings after exclusion
	Offer type
	Emotion
	HC M ± SD
	BPD M ± SD

	50–50
	Anger
	0.38 ± 0.82
	0.82 ± 2.16

	50–50
	Happiness
	8.42 ± 1.91
	8.27 ± 1.80

	50–50
	Fear
	0.02 ± 0.13
	0.46 ± 1.10

	50–50
	Sadness
	0.16 ± 0.47
	0.55 ± 1.42

	70–30
	Anger
	3.49 ± 2.90
	5.13 ± 2.57

	70–30
	Happiness
	3.08 ± 2.68
	2.94 ± 2.21

	70–30
	Fear
	0.63 ± 1.57
	1.82 ± 2.24

	70–30
	Sadness
	1.71 ± 2.41
	4.77 ± 3.14

	90–10
	Anger
	4.88 ± 3.96
	7.58 ± 3.05

	90–10
	Happiness
	1.05 ± 2.27
	0.51 ± 1.32

	90–10
	Fear
	0.58 ± 1.70
	2.43 ± 2.72

	90–10
	Sadness
	2.65 ± 3.38
	5.91 ± 3.36


S9. SAM ratings after exclusion of high-acceptance participants
SAM ratings were examined as a manipulation check after excluding high-acceptance participants. Separate analyses were conducted for valence, arousal, and threat ratings. The pattern remained consistent with the full-sample analysis: Threat trials were rated as less pleasant, more arousing, and more threatening than Safe trials. Thus, the subjective manipulation-check results remained stable after exclusion.
Table S8. SAM ratings after exclusion of high-acceptance participants
	Condition
	Dimension
	HC M ± SD
	BPD M ± SD

	Safe
	Valence
	7.78 ± 1.44
	6.42 ± 1.64

	Threat
	Valence
	4.57 ± 1.56
	3.92 ± 1.35

	Safe
	Arousal
	2.11 ± 1.54
	3.21 ± 1.69

	Threat
	Arousal
	4.84 ± 1.95
	5.54 ± 2.21

	Safe
	Threat rating
	0.41 ± 1.01
	1.33 ± 1.43

	Threat
	Threat rating
	4.22 ± 2.19
	4.88 ± 3.27
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