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Appendix S1. Sample Characteristics
	 
	ASD (N=27)
	CD (N=39)
	TD (N=39)
	Chi square/F Stat
	p value

	
	Mean (SD)/
	NR missing values
	Mean (SD)/
	NR missing values
	Mean (SD)/
	NR missing values
	
	

	
	Count (%)
	
	Count (%)
	
	Count (%)
	
	
	

	Sex
	11F/16M
	0
	14F/25M
	0
	28F/11M
	0
	11.43
	0.003

	Age (Years)
	14.89 (2.64)
	0
	15.74 (1.73)
	0
	15.92 (1.56)
	0
	2.441
	0.092

	IQ 
	105.35 (14.95)
	0
	97.37 (12.19)
	0
	105.45 (8.23)
	0
	5.754
	0.004

	ICU total sum 
	29.52 (10.62)
	1
	31.33 (8.77)
	6
	18.57 (7.67)
	0
	22.65
	<0.001

	CBCL attention problems
	67.15 (3.96)
	5
	66.67 (10.46)
	14
	51.49 (3.96)
	9
	30.66
	<0.001

	CBCL anxious- depressive
	62.92 (11.38)
	15
	60.88 (9.67)
	3
	52.27 (3.48)
	13
	10.54
	<0.001

	Task performance Accuracy %
	
	
	
	
	
	
	
	

	anger
	0.8 (0.15)
	-
	0.78 (0.17)
	-
	0.89 (0.09)
	-
	6.036
	0.003

	fearful 
	0.83 (0.16)
	-
	0.8 (0.17)
	-
	0.91 (0.07)
	-
	6.03
	0.003

	neutral
	0.84 (0.17)
	-
	0.85 (0.19)
	-
	0.92 (0.1)
	-
	3.247
	0.043


This table displays the mean and standard deviation (SD), number count or percentage (%) for each group (ASD, CD, TD) as well as the group differences for the key demographic variables and questionnaire scores included in further analyses of the study. For each group, the number of participants with missing values for the corresponding value per variable is shown. ASD = youth with autism-spectrum disorder diagnosis, CD = youth with conduct disorder diagnosis, TD = typically developing youth, NR missing values = number count of missing values, IQ = intelligence quotient (total score of WASI, WISC or WAIS), CBCL attention problems = t scores of the attention problems subscale from the CBCL, CBCL anxious depressive = t scores of the anxious-depressive subscale from the CBCL, ICU total sum = total sum score of Inventory for Callous Unemotional traits (ICU).

Appendix S2. Significance of the difference between correlations 

	Emotion
	group comparison
	probability value
	z-score

	Anger
	TD vs ASD
	0.132
	1.505

	
	TD vs CD 
	0.003
	3.018

	
	ASD vs CD
	0.232
	1.194

	Fearful
	TD vs ASD
	0.028
	2.203

	
	TD vs CD 
	0.002
	3.126

	
	ASD vs CD
	0.553
	0.593

	Neutral
	TD vs ASD
	0.168
	1.38

	
	TD vs CD 
	0.006
	2.723

	
	ASD vs CD
	0.291
	1.056


This table displays comparison results between the correlation coefficients of groups on number of fixations and ICU sum scores. The analysis was based on the two correlation coefficients and group sample sizes. Values include probability value and the z-score. A probability value < 0.05 indicates that the two correlation coefficients are significantly different from each other. Emotion = emotion category presented to all participants, group comparison = comparison of two groups, probablity value = significance value between two correlation coefficients, z-score = standardized score

Appendix S3. Bayes Multilevel Regression Results for fixation durations
	 
	Eye Durations
	Mouth Durations

	Hypothesis
	Est.
	SE
	95% CI
	Post. Prob.
	Est.
	SE
	95% CI
	Post. Prob.

	ASD<TD
	-0.28
	0.43
	-1.01
	0.42
	0.74
	0.84
	0.43
	0.12
	1.56
	0.03

	CD<TD
	-0.43
	0.34
	-0.99
	0.14
	0.9
	0.26
	0.34
	-0.31
	0.82
	0.22

	ASD=CD
	0.18
	0.3
	-0.31
	0.68
	0.27
	0.58
	0.31
	0.06
	1.08
	0.03


This table depicts the bayes multilevel regression analysis results testing the one-sided hypotheses on key dependent variables: Fixation durations on the eyes and mouth regions across all emotions. Est. = Estimate, SE = Standard-Error, 95% CI = Credible interval, Post. Prob = Posterior Probability under the hypothesis against the hypothesis’ alternative. Hypothesis = direction of tested hypothesis, ASD = youth with autism spectrum disorder, CD = youth with conduct disorder, TD = typically developing youth



Appendix S4. Bayes Multilevel Regression Results including anxious depressive scale of the CBCL as additional regressor of no interest
	Eye Fixations
	Mouth Fixations

	Anger

	Hypothesis
	Estimate
	Est.Error
	95% CI
	Post.Prob
	Estimate
	Est.Error
	95% CI
	Post.Prob

	ASD<TD
	-0.4
	0.45
	-1.14
	0.32
	0.81
	0.75
	0.47
	0
	1.52
	0.05

	CD<TD
	-0.46
	0.36
	-1.08
	0.14
	0.9
	0.15
	0.37
	-0.46
	0.76
	0.35

	ASD=CD
	-0.05
	0.32
	-0.58
	0.47
	0.56
	0.6
	0.33
	0.07
	1.14
	0.03

	Neutral

	Hypothesis
	Estimate
	Est.Error
	95% CI
	Post.Prob
	Estimate
	Est.Error
	95% CI
	Post.Prob

	ASD<TD
	-0.21
	0.46
	-0.96
	0.56
	0.68
	0.77
	0.46
	0.01
	1.53
	0.05

	CD<TD
	-0.32
	0.37
	-0.91
	0.29
	0.81
	0.23
	0.37
	-0.39
	0.83
	0.26

	ASD=CD
	0.09
	0.33
	-0.45
	0.62
	0.38
	0.53
	0.32
	0
	1.05
	0.05

	Fearful

	Hypothesis
	Estimate
	Est.Error
	95% CI
	Post.Prob
	Estimate
	Est.Error
	95% CI
	Post.Prob

	ASD<TD
	-0.31
	0.44
	-1.03
	0.43
	0.77
	1.07
	0.45
	0.35
	1.82
	0.01

	CD<TD
	-0.54
	0.36
	-1.14
	0.05
	0.94
	0.38
	0.37
	-0.23
	0.98
	0.15

	ASD=CD
	0.22
	0.32
	-0.3
	0.75
	0.24
	0.69
	0.32
	0.15
	1.23
	0.02



This table depicts the bayes multilevel regression analysis results testing the one-sided hypotheses on key dependent variables: Number of fixations on the eyes and mouth regions across all emotions. Regressors of interest: Group, ICU sum score. Regressors of no interest: Sex, age, IQ, data collection wave, CBCL attention problems and CBCL anxious depressive scores. All Est. = Estimate, SE = Standard-Error, 95% CI = Credible interval, Post. Prob = Posterior Probability under the hypothesis against the hypothesis’ alternative. Hypothesis = direction of tested hypothesis, ASD = youth with autism spectrum disorder, CD = youth with conduct disorder, TD = typically developing youth





Appendix S5. F test peak clusters, MNI coordinates and cluster size 
	Emotion Anger

	Size in voxels
	Peak
	PeakXYZ
	Peak Structure
	XYZ
	Structure

	6810
	1
	 35.6×24.2×-1.7
	Insula (R)
	 35.6×17.6×-1.0
	Insula (R),  Inferior Orbitofrontal Cortex (R), Putamen (R), Rolandic Cortex (R)

	6507
	1
	 -39.6×20.5×-6.9
	Inferior Orbitofrontal Cortex (L)
	 -34.5×13.1×2.7
	Insula (L), Inferior Orbitofrontal Cortex (L), Putamen (L), Rolandic Cortex (L), Inferior Frontal Gyrus (L) 

	3020
	1
	 -27.8×-3.8×-19.4
	Hippocampus (L)
	 -24.9×-2.4×-15.7
	Amygdala (L), Hippocampus (L),Temporal Cortex (L), ParaHippocampus (L), Insula (L)

	2199
	1
	 25.3×-3.8×-15.0
	Amygdala (R)
	 26.0×-1.6×-17.9
	Amygdala (R), Hippocampus (R), ParaHippocampus (R), Fusiform Gyrus (R)

	1701
	1
	 -11.6×34.5×-4.7
	
	 0.2×44.8×-3.2
	Anterior Cingulate (L,R), Medialorbitofrontal Cortex (R,L), Medialfrontal Cortex (R)

	85
	1
	 -29.3×-2.4×-31.9
	ParaHippocampus (L)
	 -30.0×-3.1×-29.7
	ParaHippocampus (L), Fusiform Gyrus (L), Hippocampus (L) 

	Emotion Fearful

	Size in voxels
	Peak
	PeakXYZ
	Peak Structure
	• XYZ
	Structure

	4314
	1
	 -39.6×20.5×-6.9
	Inferior Orbitofrontal Cortex (L)
	 -34.5×19.0×0.5
	Insula (L), Inferior Orbitofrontal Cortex (L), Inferior Frontal Gyrus (L), Putamen (L)

	3391
	1
	 35.6×24.2×-1.7
	Insula (R)
	 34.9×21.2×-1.0
	Insula (R), Inferior Orbitofrontal Cortex (L), Putamen (R)

	2183
	1
	 -5.0×36.0×-7.6
	Anterior Cingulate (L)
	 -0.5×44.1×-3.9
	Medial Orbitofrontal Cortex (R,L), Anterior Cingulate (L,R), Medialfrontal Cortex (R,L)

	389
	1
	 -19.7×-6.0×-12.0
	Hippocampus (L)
	 -24.1×-3.8×-12.8
	Amygdala (L), Hippocampus (L), Putamen (L)

	252
	1
	 -36.7×-6.0×16.0
	Rolandic Cortex (L)
	 -37.4×-6.0×14.5
	Insula (L), Rolandic Cortex (L)

	Emotion Neutral

	Size in voxels
	Peak
	PeakXYZ
	Peak Structure
	• XYZ
	Structure

	14096
	1
	 -34.5×22.0×-9.8
	Insula (L)
	 -33.0×6.5×0.5
	Insula (L), Amygdala (L), Hippocampus (L), Inferior Orbitofrontal Cortex (L), Putamen (L), Rolandic Cortex (L), Inferior Frontal Gyrus (L)

	8344
	1
	 35.6×24.2×-1.7
	Insula (R)
	 35.6×19.0×-2.4
	Insula (R), Inferior Orbitofrontal Cortex (R), Putamen (R), Inferior Frontal Gyrus (R)

	1200
	0.9
	 21.6×-3.8×-15.7
	Amygdala (R)
	 25.3×-2.4×-17.9
	Amygdala (R), Hippocampus (R), ParaHippocampus (R),Fusiform Gyrus (R), Putamen (R)

	1021
	0.8
	 41.5×-14.2×6.4
	Insula (R)
	 42.2×-12.7×4.2
	Insula (R),Temporal Cortex (R), Heschl's Gyrus (R), Rolandic Cortex (R)


The presented clusters show significant group differences of the F test. Results were estimated using TFCE, FWE-corrected, and thresholded at p < 0.05. FWE = Family-wise error correction for multiple comparisons, TFCE = Threshold Free Cluster Enhancement, MNI =Montreal Neurological Institute, R = Right, L = Left.












Appendix S6. Bayes Regression Results on Insula parameters as outcome variable for the emotion anger
	Model without fixations

	 
	Estimate
	Est.Error
	l-95% CI
	u-95% CI
	Rhat
	Bulk_ESS
	Tail_ESS

	ASD
	0.5
	0.28
	-0.06
	1.05
	1
	3590
	4474

	CD
	0.05
	0.23
	-0.4
	0.51
	1
	3712
	4865

	CU traits
	0.06
	0.14
	-0.23
	0.35
	1
	3343
	4115

	Sex
	-0.09
	0.14
	-0.35
	0.17
	1
	5633
	5403

	Age
	0.11
	0.06
	-0.02
	0.23
	1
	7757
	5401

	IQ
	-0.04
	0.07
	-0.18
	0.1
	1
	6925
	6074

	CBCL AP
	-0.1
	0.09
	-0.28
	0.07
	1
	5213
	5823

	Data collection wave
	0.17
	0.17
	-0.16
	0.5
	1
	5129
	5299

	Interaction ASD x CU traits
	-0.03
	0.19
	-0.41
	0.35
	1
	3931
	4213

	Interaction CD x CU traits
	0
	0.2
	-0.39
	0.41
	1
	4060
	5240

	Model with fixations to the eyes

	 
	Estimate
	Est.Error
	l-95% CI
	u-95% CI
	Rhat
	Bulk_ESS
	Tail_ESS

	Fixations to eyes 
	0.04
	0.06
	-0.09
	0.17
	1
	8782
	6127

	ASD
	0.52
	0.28
	-0.03
	1.07
	1
	3875
	4837

	CD
	0.08
	0.23
	-0.36
	0.53
	1
	4038
	5378

	CU traits
	0.04
	0.14
	-0.24
	0.32
	1
	3868
	4997

	Sex
	-0.08
	0.14
	-0.35
	0.19
	1
	6782
	5724

	Age
	0.1
	0.07
	-0.03
	0.23
	1
	9186
	5911

	IQ
	-0.04
	0.07
	-0.18
	0.1
	1
	8276
	5765

	CBCL AP
	-0.1
	0.09
	-0.28
	0.07
	1
	6048
	5851

	Data collection wave
	0.19
	0.17
	-0.13
	0.52
	1
	6475
	5438

	Interaction ASD x CU traits
	-0.01
	0.19
	-0.4
	0.37
	1
	4235
	5438

	Interaction CD x CU traits
	0.03
	0.2
	-0.37
	0.44
	1
	4392
	5608

	Model with fixations to the mouth

	 
	Estimate
	Est.Error
	l-95% CI
	u-95% CI
	Rhat
	Bulk_ESS
	Tail_ESS

	Fixations to mouth
	-0.07
	0.06
	-0.19
	0.05
	1
	9832
	5462

	ASD
	0.56
	0.28
	0.01
	1.12
	1
	3682
	4572

	CD
	0.07
	0.23
	-0.37
	0.53
	1
	4046
	5357

	CU traits
	0.05
	0.14
	-0.22
	0.32
	1
	4025
	4750

	Sex
	-0.06
	0.14
	-0.33
	0.21
	1
	7780
	5223

	Age
	0.11
	0.06
	-0.02
	0.24
	1
	10190
	5907

	IQ
	-0.04
	0.07
	-0.18
	0.1
	1
	8371
	5493

	CBCL AP
	-0.11
	0.09
	-0.28
	0.07
	1
	5988
	5725

	Data collection wave
	0.22
	0.17
	-0.12
	0.55
	1
	6424
	5975

	Interaction ASD x CU traits
	-0.02
	0.19
	-0.39
	0.36
	1
	4363
	5346

	Interaction CD x CU traits
	0.02
	0.2
	-0.37
	0.41
	1
	4715
	5129


Bayes regression analysis results testing the one-sided hypotheses on key dependent variables: Extracted parameters from the Insula for the emotion anger. Additionally, the number of fixations to the eyes and mouth region were added in separate models as regressors of interest. All included numeric variables were z-scored, the TD group and female sex were set as reference groups. Est. Error = estimation standard deviations, l-95% CI = lower credible interval, u-95% CI = upper credible interval, Rhat = convergence of the MCMC algorithm (Gelman and Rubin, 1992), Bulk_ESS = bulk effective sample size 
estimate, Tail_ESS = tail effective sample size estimate, ASD = youth with autism spectrum disorder, CD = youth with conduct disorder, TD = typically developing youth
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Figure S1. This figure shows the implicit Facial Emotion Processing Task used for the eye tracking and fMRI analysis (see ((Menks et al., 2021))). Face stimulus = presentation of a facial stimuli, fixation cross = presentation of a fixation cross
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Figure S2. Combined mask displaying the regions of interest, including areas associated with eye gaze behavior and facial emotion processing (amygdala, insula, ventromedial prefrontal cortex (vmPFC)). The binarized mask was created by combining the selected regions defined by the Harvard Oxford atlas in FSLeyes (Version 1.3.0) in xjView (Version 10.0), with a threshold set at 50% ROI probability. The image was created via MRIcroGL (Version 1.2.20220720b) (https://www.nitrc.org/projects/mricrogl). 
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Figure S3. Fixations to the eyes (upper row) and mouth regions (lower row) in percentage per group and emotion. TD = typically developing youth, CD = youth with conduct disorder, ASD = youth with autism spectrum disorder




[image: ]
Figure S4. Boxplots of the extracted insula cluster parameter values (standardized) for each emotion per group. TD = typically developing youth, CD = youth with conduct disorder, ASD = youth with autism spectrum disorder
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Figure S5. Full factorial analyses for the contrast ASD > CD when angry faces are shown. The model included group as regressor of interest and age, sex, IQ, attention problems scores of the CBCL, and data collection wave as regressors of no interest. CD = youth with conduct disorder, ASD = youth with autism spectrum disorder (MNI= 34; 18; 6, 41mm3 volume).
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