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Appendix A. Description of each sample

Sample 1: Population sample
Participants from sample 1 were part of the longitudinal project Research on Adolescent Development and Relationships Young Cohort (RADAR-Y), an ongoing population sample from the Netherlands (Branje & Meeus, 2018). In three waves (separated by a year each), participants completed the Youth Self Report (Achenbach, McConaughy, Ivanova, & Rescorla, 2011; Achenbach & Rescorla, 2001) and delivered morning saliva samples to assess the CAR. The first wave included 450 participants (193 girls, 257 boys, Mage = 15.03, SDage = .45), the second wave included 437 participants (189 girls, 248 boys, Mage = 16.01, SDage = .45), and the third wave included 421 participants (185 girls, 236 boys, Mage = 16.99, SDage = .43). At the third wave participants completed a laboratory assessment including autonomic nervous system measures (HR, PEP, RSA, RR), and basal testosterone and cortisol assessments. Data on this sample have previously been reported in (Platje, Jansen, et al., 2013; Platje et al., 2016; Platje, Vermeiren, et al., 2013). 

Sample 2: Diversion program sample: delinquents and controls
Data from sample 2 came from a study conducted in delinquent adolescents and controls. 
Participants from this sample included adolescents who were referred to a delinquency diversion program after having committed a minor offense such as petty theft, property damage, or minor forms of aggression; and non-delinquent controls. This study was first conducted when participants (N = 179) were between 11 and 15 years old (T1; Mage = 13.47 SDage = .81, ndelinquents = 116, ncontrols = 63), and in a second measurement when participants (N = 102) were between 16 and 20 years old (T2; Mage = 16.27, SDage = .87, ndelinquents = 73, ncontrols = 29). Cross-sectional (i.e., T1) data of this sample have been reported in (Popma et al., 2006; Popma et al., 2007), and longitudinal data (T1 and T2) have been reported in (De Vries‐Bouw et al., 2011). Neurobiological measures for the current study included resting HR, SCL, testosterone, basal cortisol, and CAR. Self-report data for this sample included the RPQ Reactive-Proactive Aggression Questionnaire (RPQ; Raine et al., 2006) and YSR.

Sample 3: Dutch FemNAT-CD sample: CD and controls
Sample 3 consisted of 195 adolescents (164 female, 31 male) from the Dutch portion of the European multi-center FemNAT-CD study (Neurobiology and Treatment of Adolescent Female Conduct Disorder; Freitag, 2014; Oldenhof et al., 2018; Prätzlich et al., 2018). Participants were between 9 and 21 years olds (Mage = 14.40, SDage = 2.26) and included 105 adolescents with CD and 90 controls. Neurobiological measures included resting HR, PEP, RSA, RR, and SCL. Self-report measures included the YSR, RPQ, and the Youth Psychopathic trait Inventory – short version (YPI-sv; van Baardewijk et al., 2010).

Sample 4: Closed treatment sample
Sample 4 consisted of 119 adolescents (73 girls, 46 boys) between 13 and 20 years old (Mage = 15.79, SDage = 1.35) in a closed treatment facility in the Netherlands (no control participants were included). Under the civil law, these adolescents were sent to compulsory treatment in this closed facility due to their severe antisocial behavior. Data of this sample have been reported in Jambroes et al. (Jambroes et al., 2018). Neurobiological measures included HR, PEP, RSA, and the CAR. Self-report data included the YSR, RPQ, and YPI-sv. These data were collected before treatment started.

Sample 5: Detained juvenile sample
Sample 5 consisted of 413 adolescent boys in juvenile justice institutions (no controls included), to which they were referred because of severe behavioral problems or serious offenses. Data of this sample have previously been reported in de Ruigh et al. (de Ruigh, Jansen, Vermeiren, & Popma, 2019). Participants were between 13 and 18 years old (Mage = 18.57, SDage = 1.71). Neurobiological measures included HR, PEP, RSA, RR, testosterone, and basal cortisol. Self-report measures included the RPQ and YPI-sv, and the short version of the YSR.

Sample 6: Male multi-problem young adults
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Finally, participants from sample 6 included 127 17-to-27-year old multi-problem adolescent and young adult males (Mage = 22.42, SDage = 2.47) who were recruited at the start of a day treatment program (Luijks et al., 2017). This day treatment program was aimed at increasing self-sufficiency and reduce recidivism in these multi-problem youths, who struggle with a variety of psychosocial, environmental, and substance use problems (Luijks et al., 2017). Data of this sample have been reported in recent neuroimaging and ERP studies (Zijlmans et al., 2019; Zijlmans et al., 2018). Neurobiological measures for the current study include resting HR, PEP, RSA, RR, and SCL. Self-report data include the RPQ and the Adult Self Report questionnaire (ASR; Rescorla & Achenbach, 2004). These data were collected before the treatment program.
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	Table S1. Original data availability of the behavioral and neurobiological measures across the separate subsamples. Missing data were imputed across datasets via multiple imputations.

	Samples, n participants
	Availability questionnaire data, n observations
	 
	Availability neurobiological measures, n observations

	
	RPQ
	YSR
	ASR
	YPI
	 
	HR
	PEP
	RSA
	RR
	SCL
	T
	C
	CAR AUCg
	CAR AUCi

	1: Population sample (n = 450) 
	0
	1308
	0
	0
	
	324*
	280*
	324*
	324*
	0
	292*
	340*
	879
	879

	2: Diversion program sample (n = 185)
	203
	271
	0
	0
	
	197
	0
	0
	0
	155
	228
	201
	227
	227

	3: Dutch FemNAT-CD sample (n = 195)
	187
	0
	0
	194
	
	178
	173
	178
	178
	166
	33
	33
	0
	0

	4: Closed youth care sample (n = 119)
	96
	113
	0
	117
	
	26
	21
	21
	0
	0
	0
	0
	116
	116

	5: Detained juveniles (n = 413)
	410
	322
	0
	413
	
	413
	410
	411
	411
	409
	401
	403
	0
	0

	6: Multiproblem youths (n = 127)
	127
	0
	127
	126
	 
	112
	110
	112
	112
	113
	0
	0
	0
	0

	Note. Samples 1 and 2 are longitudinal samples, with three and two measurement waves, respectively. Here n observations include the total number of observations across time points. *Assessed at the third wave only, when participants were +/-17 years old.

	Abbrevations.RPQ = Reactive Proactive Aggression questionnaire; YSR = Youth Self Report, YPI - sv = Youth Psychopathic Index -short version, ASR = Adult Self Report; HR = Heart Rate, PEP = Pre-Ejection Period, RSA = Respiratory Sinus Arrythmia, RR = Respiration Rate, SCL = Skin Conductance Level, T = Testosterone, C = Cortisol, CAR AUCg = Cortisol Awakening Response, Area Under the Curve with respect to the ground, CAR AUCi = Cortisol Awakening Response, Area Under the Curve with respect to the increase (AUCi).




Appendix B. Description of neurobiological assessment in original studies

Autonomic nervous system assessment
All samples included at least one ANS measure. In all instances, these measures were assessed with the VU-Ambulatory Monitoring System and data were analyzed with the corresponding software (Klaver, De Geus, & De Vries, 1994). Three electrodes were placed on the chest to measure participants’ electrocardiography (ECG; sample 2), and four additional electrodes were placed on the chest and back for assessment of impedance cardiography (ICG; samples 1, 3, 4, 5, and 6). Furthermore, samples 2, 3, 5, and 6 included skin conductance levels. This was assessed via the placement of two Ag/AgCl electrodes on the medial phalanges of the middle and ring fingers of the non-dominant hand. Basal functioning of ANS measures was assessed during a resting protocol of at least 5 minutes.

Testosterone and cortisol assessment
Testosterone was assessed in samples 1, 2, and 5 (third wave only). Testosterone was assessed from saliva on weekdays between 12:00 and 18:00 to minimize diurnal hormonal fluctuations (Granger et al., 2003). Samples 1, 2 and 5 assessed basal cortisol levels from a single saliva sample. Cortisol was assessed on weekdays in the afternoon between 12:00 and 18:00, limiting the influence of diurnal variation on hormonal levels (Kirschbaum & Hellhammer, 1994). Furthermore, samples 1, 2, and 4 assessed the Cortisol Awakening Response (CAR). In these instances saliva was collected directly after waking up, 30 minutes after waking up, and 60 minutes after waking up. As measures of CAR, the area under the curve (AUC) with respect to zero (i.e., the ground; AUCg) and with respect to the increase from the first awakening sample (AUci) were calculated (Pruessner et al., 1997). The AUCg reflects the level of cortisol secreted during the first hour after awakening and was calculated following the formula: 

 + 

Where Cort0 is the level of cortisol directly after waking up, and Cort 30 and Cort60 are the levels of cortisol 30 and 60 minutes after waking up, respectively.
The AUCi reflects the cortisol level in response to awakening and is computed as the AUC during the first hour after awakening with reference to the first morning saliva assessment, following the formula: 

Analyses to assess cortisol and testosterone from saliva were performed at the University Medical Centre Utrecht, the Netherlands (testosterone: samples 1, 2, 5; cortisol: samples 1, 4 5) and at the Liege University Hospital, Belgium (cortisol: sample 2). In all samples, uncentrifuged saliva samples were stored at -20°C until analysis. 

Appendix C: Description of data analytic techniques

Code is available via https://osf.io/qn95r/.

Principal Component Analysis across samples through Coupled Matrix Factorization
First, to derive one or multiple broad dimensions of antisociality that are consistent across the different samples, we used Coupled Matrix Factorization (CMF). CMF is a PCA-based technique that combines the different questionnaires –that measure more or less the same construct– across samples through the presence of common items between (pairs of) samples. As CMF is based on Principal Component Analysis (PCA), which is a common technique that uses the variance in the observed items to reduce the number of items to a smaller number of principal components, CMF is able to retrieve the dimensions underlying the items across samples. In particular, by linking the scores of participants from different nonequivalent samples that completed different questionnaires that partially overlap (i.e., common items between each pair of questionnaires) to each other, all participants are placed on one (or a few) continuous scale(s) representing the underlying component(s) of interest (Chen, Revicki, Lai, Cook, & Amtmann, 2009). Note that CMF has the option to extract uncorrelated components. However, for this study, we decided to allow components to be correlated as all components should reflect (aspects of) antisociality.
	The raw item scores of the RPQ, YSR, YPI-sv and ASR questionnaire were used to test for a one-, two-, three- and four-component CMF model. To ease interpretation of the (correlated) components, component loadings and component scores were rotated with varimax (yielding correlated components with a simple structure). The best model was chosen based on statistical (i.e., the model that best balances model complexity and the fit of the model to the data, with the latter being indicated by the loss minimizing value) and substantive arguments. Regarding the latter, component loadings of each item on the resulting components were inspected in order to label the components. In particular, each item was designated to one component based on its largest component loading (in absolute sense). Inspection of the items’ content and the component loadings led to the labeling of each component and allowed to relate each component to an underlying dimension of antisociality. Table 2 in the main manuscript depicts all items per component of the selected, three-component solution, Table S3 below summarizes fit of all four solutions, and Table S4 depicts factors loadings of all four solutions. CMF was performed using the Tensorlab version 3.0 toolbox in Matlab (Vervliet, Debals, Sorber, Van Barel, & De Lathauwer, 2016).

Multiple imputations 
Table S1 depicts an overview of the available data per measure in each subsample. In samples 3, 4 and 5, testosterone and basal cortisol were not assessed, and in samples 3, 5 and 5, CAR was not assessed. To include all participants in the general linear models (further outlined below), we imputed data for these participants. Multiple imputation was conducted with the mice (Multiple Imputations via Chained Equations) package in R (Buuren & Groothuis-Oudshoorn, 2010; Rubin, 2004). Histograms revealed that variables RSA0, SCL, Testosterone, Cortisol, and AUCg were skewed. These variables were imputed using Predictive Mean Matching (Buuren & Groothuis-Oudshoorn, 2010; Van Buuren, 2018, pp. 68 – 74). The remaining numerical variables were imputed using normal linear regression (Buuren & Groothuis-Oudshoorn, 2010; Van Buuren, 2018, pp. 57-59). Dichotomous variables were imputed using logistic regression. For each variable, all remaining variables except time point, were used as independent variables for the missing data. Note that multiple imputation under a multilevel model is infeasible because in some samples respondents were only measured at one time point, making it impossible to estimate the person variance for these samples. One-hundred datasets were created with this method. These included all neurobiological measurements for all samples, on which we tested out hypotheses. 

Linear regression with cluster bootstrapping (GLMCB)
Next we tested whether neurobiological measures were related to antisociality across adolescence on the resulting 100 imputed datasets. Each of the 100 imputed datasets has a rather complicated structure where some parts have a nested structure (i.e., the multiple waves within persons) and other parts do not have such a nested structure. For nested data, a usual approach is to use a mixed model (i.e., multilevel analysis) to take into account the dependencies due to the nesting. However, for our combined data this is not possible because part of the data does not have a nested structure. Furthermore, because we have a heterogeneous dataset we should be careful with assumptions usually made in mixed models and regression models. To account for dependency in the data (observations are nested within participants) we used a cluster bootstrap to obtain confidence intervals. Bootstrapping is a technique based on resampling observations (with replacement) from the data and building a sampling distribution for the parameter estimates, and cluster bootstrapping takes into account the dependency within participants. The GLMCB method integrates regression models with cluster bootstrapping, which makes it possible to use partially nested data, which is the case in our datasets. Furthermore, by using the bootstrap no strong assumptions on distribution of residuals need to be made, which is advantageous in our situation with a heterogeneous sample. The procedure is implemented in the ClusterBootstrap R package (Deen & de Rooij, 2019), which we adapted in order to deal with the multiply imputed datasets.
	The models that were fitted are depicted in Table S2 below. 
	Table S2. Specification of the models testing for developmental patterns of the behavioral and the neurobiological measures (upper half) and associations between antisocial components and neurobiological measures (lower half). Note that interactions effects indicated with * include the main effects as well.

	Model
	Specification

	1
	Measure ~ Age1

	2
	Measure ~ Age2

	3
	Measure ~ Age1 + Sex

	4
	Measure ~ Age1 × Sex

	5
	Measure ~ Age2 + Sex

	6
	Measure ~ Age2 × Sex 

	
	

	Model
	Specification

	1
	Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi

	2
	Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age1

	3
	Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age1 + Sex

	4
	Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age1 × Sex

	5
	Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age2

	6
	Component ~ + HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age2 + Sex

	7
	Component ~ + HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age2 × Sex 

	
	


Note. Age1 denotes a linear age term and Age2 an additional quadratic polynomial (age linear included). Abbrevations. HR = Heart Rate, PEP = Pre-Ejection Period, RSA = log-transformed Respiratory Sinus Arrythmia , RR = Respiration Rate, SCL = Skin Conductance Level, AUCg = Area under the Curve with respect to the ground, AUCi = Area Under the Curve with respect to the increase. AUCg and AUCi measures reflect indices of the cortisol awakening response.
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	[bookmark: _Hlk76130861]Table S3. Results of the different component solutions. Model 3 (in bold) was preferred.

	Solution
	Loss - minimizing value
	Total variance explained
	% variance explained per component

	
	
	
	Component 1
	Component 2
	Component 3
	Component 4

	1
	36459
	50.8%
	100%
	
	
	

	2
	33965
	54.2%
	62.26%
	38.74%
	
	

	3
	31920
	56.9%
	29.67%
	28.38%
	41.95%
	

	4
	30394
	58.9%
	26.02%
	27.10%
	41.14%
	5.74%



[bookmark: _Hlk76206787][bookmark: _Hlk75954570] [image: ]

Figure S1. A. Scatterplots of item loadings per pair of components. Each item is allocated to one component based on the (largest) component loadings. Blue = ‘Callous-unemotional/manipulative traits (14 items), green = ‘Intentional Aggression/Conduct (40 items), orange = ‘Reactivity/Irritability/Impulsivity’ (48 items). The line represents the separation of the components (intercept = 0 and slope = 1). This three-component solution was deemed most appropriate. B. Correlation plot of dimensions of antisociality and observed subscales of administered questionnaires in the original studies (for n’s of the questionnaires, see Table S1).
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	Table S4. Item loadings per component solution. The colors indicate on which component the item showed the highest loading. The three-component solution (in bold) was chosen.

	Item
	One-component solution
	 
	Two-component solution
	 
	Three-component solution
	 
	Four-component solution

	1. Yelled at others when they have annoyed you
	17.390
	 
	14.288
	9.985
	 
	9.481
	7.904
	12.549
	 
	7.918
	9.033
	13.055
	-0.585

	2. Had fights with others to show who was on top
	11.518
	 
	7.009
	9.856
	 
	8.725
	7.048
	4.943
	 
	6.573
	8.906
	5.429
	-0.409

	3. Reacted angrily when provoked by others
	17.571
	 
	14.314
	10.228
	 
	9.907
	8.021
	12.496
	 
	8.011
	9.476
	13.098
	-1.308

	4. Taken things from other students
	8.632
	 
	4.929
	7.822
	 
	6.517
	5.856
	3.125
	 
	5.323
	6.830
	3.319
	1.210

	5. Gotten angry when frustrated
	14.869
	 
	12.524
	8.140
	 
	7.374
	7.741
	10.571
	 
	7.679
	7.169
	10.957
	-0.463

	6.  Vandalized something for fun
	6.939
	 
	4.428
	5.715
	 
	4.837
	4.462
	3.123
	 
	4.066
	5.039
	3.269
	0.939

	7. Had temper tantrums
	13.684
	 
	9.842
	9.678
	 
	9.500
	6.042
	8.534
	 
	5.831
	9.238
	9.103
	-0.935

	8. Damaged things because you felt mad
	12.500
	 
	8.603
	9.336
	 
	9.013
	6.010
	7.139
	 
	5.663
	8.905
	7.668
	-0.571

	9. Had a gang fight to be cool
	5.198
	 
	2.103
	5.810
	 
	5.199
	3.424
	1.055
	 
	3.034
	5.391
	1.378
	-0.376

	10. Hurt others to win a game
	5.309
	 
	2.010
	5.883
	 
	4.836
	4.086
	0.756
	 
	3.595
	5.153
	0.922
	0.659

	11. Become angry or mad when you do not get your way
	13.149
	 
	10.254
	8.262
	 
	7.808
	6.376
	8.741
	 
	6.183
	7.628
	9.211
	-0.631

	12: Used physical force to get others to do what you want
	6.380
	 
	2.636
	7.100
	 
	5.991
	4.707
	1.141
	 
	4.054
	6.373
	1.407
	0.719

	13. Gotten angry or mad when you lost a game
	8.403
	 
	6.151
	5.800
	 
	5.186
	4.630
	4.939
	 
	4.386
	5.157
	5.170
	0.264

	14. Gotten angry when others threatened you
	16.008
	 
	13.140
	9.242
	 
	8.601
	8.062
	11.137
	 
	8.107
	8.319
	11.729
	-1.809

	15. Used force to obtain money or things from others
	5.887
	 
	2.017
	7.111
	 
	5.895
	4.424
	0.667
	 
	3.599
	6.392
	0.839
	1.633

	16. Felt better after hitting or yelling at someone
	10.173
	 
	6.775
	8.012
	 
	7.077
	6.046
	5.054
	 
	5.556
	7.273
	5.448
	0.100

	17. Threatened or bullied someone
	8.910
	 
	5.386
	7.771
	 
	6.924
	5.096
	3.989
	 
	4.493
	7.144
	4.379
	0.574

	18. Made obscene phone calls for fun
	3.768
	 
	2.135
	3.451
	 
	3.195
	2.182
	1.497
	 
	2.116
	3.188
	1.662
	-0.377

	19. Hit others to defend yourself
	14.738
	 
	11.871
	8.904
	 
	7.773
	8.303
	9.590
	 
	8.111
	7.762
	10.047
	-0.569

	20. Gotten others to gang up on someone else
	4.475
	 
	2.592
	4.034
	 
	3.128
	3.329
	1.558
	 
	2.929
	3.383
	1.700
	0.673

	21. Carried a weapon to use in a fight
	7.273
	 
	3.413
	7.520
	 
	6.461
	4.870
	1.957
	 
	4.197
	6.840
	2.205
	1.036

	22. Gotten angry or mad or hit others when teased
	10.486
	 
	6.924
	8.209
	 
	7.469
	5.612
	5.485
	 
	5.456
	7.405
	5.855
	-0.591

	23: Yelled at others so they would do things for you
	7.331
	 
	3.972
	6.981
	 
	5.594
	5.441
	2.283
	 
	4.814
	5.990
	2.464
	1.185

	2. I drink alcohol without my parents' permission.
	7.290
	 
	1.982
	8.759
	 
	8.437
	2.080
	2.061
	 
	1.212
	8.468
	2.442
	1.365

	3. I argue a lot
	9.377
	 
	5.447
	8.022
	 
	7.897
	2.034
	5.744
	 
	1.356
	7.609
	6.223
	1.971

	16. I am mean to others
	6.782
	 
	2.979
	6.798
	 
	6.591
	1.841
	2.968
	 
	1.540
	6.375
	3.036
	2.130

	19. I try to get a lot of attention
	7.682
	 
	5.538
	5.330
	 
	5.213
	1.800
	5.618
	 
	1.749
	4.807
	5.563
	2.252

	20. I damage my own things
	4.075
	 
	1.497
	4.387
	 
	4.321
	0.840
	1.652
	 
	0.490
	4.272
	1.866
	0.585

	21. I damage other people's things
	4.888
	 
	-0.101
	7.642
	 
	7.403
	1.356
	0.019
	 
	0.766
	7.358
	0.077
	2.224

	22. I don't obey my parents
	8.842
	 
	5.752
	6.928
	 
	6.633
	2.210
	6.086
	 
	1.868
	6.222
	5.982
	3.728

	23. I am disobedient at school
	10.221
	 
	6.569
	7.978
	 
	7.388
	4.304
	5.957
	 
	3.790
	7.026
	5.623
	4.598

	26. I don't feel guilty after have done something I shouldn't have
	9.922
	 
	6.130
	8.023
	 
	7.634
	4.553
	5.072
	 
	4.448
	7.641
	5.872
	-0.446

	28. I don't keep by the rules at home, at school, or somewhere else
	10.333
	 
	6.703
	8.213
	 
	8.752
	0.148
	7.970
	 
	-0.333
	8.067
	8.134
	3.445

	28. I fight a lot
	6.449
	 
	2.120
	7.439
	 
	7.504
	1.211
	2.327
	 
	0.871
	7.371
	2.755
	0.623

	39. I deal with boys and girls who get into trouble
	10.423
	 
	6.786
	8.152
	 
	7.860
	2.920
	6.837
	 
	2.982
	7.413
	6.696
	2.990

	42. I lie and cheat
	6.161
	 
	3.322
	5.568
	 
	5.507
	1.059
	3.703
	 
	1.090
	5.075
	3.314
	3.020

	57. I physically attack people
	4.876
	 
	1.752
	5.356
	 
	5.351
	0.992
	1.876
	 
	0.764
	5.250
	2.161
	0.560

	63. I rather hang out with older boys and girls than same-aged peers
	12.681
	 
	11.613
	6.111
	 
	5.116
	5.944
	10.674
	 
	6.300
	4.769
	10.560
	2.545

	67. I run away from home
	5.143
	 
	1.649
	6.054
	 
	6.023
	-0.014
	2.660
	 
	-0.341
	5.747
	2.612
	2.229

	68. I yell a lot
	7.254
	 
	5.448
	4.794
	 
	4.632
	0.677
	6.259
	 
	0.853
	4.124
	6.074
	2.499

	72. I set fires
	2.125
	 
	0.378
	2.828
	 
	2.835
	0.443
	0.436
	 
	0.320
	2.795
	0.520
	0.298

	81. I steal from home
	2.369
	 
	0.886
	2.606
	 
	2.526
	0.457
	1.054
	 
	0.358
	2.365
	0.800
	1.831

	82. I steal outdoors
	5.046
	 
	0.277
	7.520
	 
	7.486
	0.137
	1.141
	 
	-0.001
	7.162
	0.827
	3.064

	86. I am stubborn
	15.550
	 
	12.214
	9.854
	 
	9.161
	4.264
	12.504
	 
	3.888
	8.283
	12.025
	6.610

	87. My mood or feelings change suddenly
	9.687
	 
	8.142
	5.456
	 
	5.195
	0.681
	9.285
	 
	0.844
	4.368
	8.723
	4.671

	89. I am suspicious
	5.003
	 
	3.478
	3.616
	 
	3.426
	1.473
	3.468
	 
	1.597
	3.144
	3.302
	1.863

	80. I curse or use dirty words
	14.855
	 
	12.893
	8.012
	 
	7.264
	5.833
	12.131
	 
	6.189
	6.521
	11.363
	5.194

	94. I bully others a lot
	5.903
	 
	3.276
	5.193
	 
	5.113
	1.221
	3.413
	 
	1.117
	4.693
	2.992
	3.328

	95. I am hot tempered
	8.127
	 
	5.976
	5.506
	 
	5.278
	2.140
	6.051
	 
	2.243
	4.921
	6.129
	1.461

	96. I thing about sex too much
	5.203
	 
	3.457
	4.037
	 
	3.677
	2.062
	3.259
	 
	2.349
	3.412
	2.918
	2.200

	97. I threaten people to hurt them
	5.173
	 
	2.518
	5.041
	 
	4.610
	2.536
	1.962
	 
	2.171
	4.610
	2.095
	1.277

	99. I smoke tabacco
	12.209
	 
	11.613
	5.304
	 
	4.179
	6.413
	10.288
	 
	6.948
	3.794
	9.754
	3.079

	101. I skip classes or skip school
	6.736
	 
	5.292
	4.204
	 
	3.655
	3.787
	4.412
	 
	3.940
	3.266
	3.445
	4.365

	104. I am louder than other boys or girls
	6.937
	 
	5.577
	4.121
	 
	3.812
	2.263
	5.369
	 
	2.375
	3.429
	5.057
	2.617

	105. I use drugs
	8.277
	 
	7.431
	4.147
	 
	3.094
	6.617
	5.553
	 
	7.039
	2.854
	4.388
	4.203

	1. I have probably skipped school or work more than most other people 
	15.287
	 
	13.638
	7.239
	 
	5.239
	9.332
	11.183
	 
	6.996
	6.155
	11.231
	7.557

	2. I consider myself as a pretty impulsive person
	15.323
	 
	14.996
	5.342
	 
	4.470
	6.905
	13.873
	 
	5.484
	4.756
	14.014
	4.904

	3. I think that crying is a sign of weakness even if no one sees you
	11.238
	 
	10.160
	5.114
	 
	1.852
	10.190
	6.660
	 
	11.002
	1.822
	6.155
	1.091

	4. I have the ability to con people by using my charm and smile
	11.343
	 
	8.427
	7.805
	 
	3.870
	11.234
	4.501
	 
	9.372
	5.112
	4.446
	6.028

	5. I am good at getting people to believe me when I make something up
	11.107
	 
	8.860
	6.770
	 
	3.207
	10.586
	5.183
	 
	8.374
	4.646
	5.209
	6.381

	6. When other people have problems it is often their own fault. Therefore one should not help them
	6.871
	 
	5.444
	4.293
	 
	2.414
	6.193
	3.272
	 
	6.750
	2.340
	3.076
	-0.063

	18. It often happens that I talk first and think later
	16.025
	 
	15.864
	5.335
	 
	4.999
	6.481
	14.946
	 
	5.870
	4.826
	15.042
	2.999

	8. I have talents that go far beyond other people’s
	11.716
	 
	9.952
	6.219
	 
	2.945
	10.184
	6.572
	 
	9.431
	3.632
	6.420
	3.556

	9. It’s easy for me to manipulate people
	11.053
	 
	8.486
	7.271
	 
	3.456
	10.910
	4.660
	 
	8.766
	4.877
	4.641
	6.399

	10. To be nervous and worried is a sign of weakness
	6.198
	 
	5.010
	3.692
	 
	1.620
	6.072
	2.866
	 
	6.404
	1.737
	2.603
	0.767

	11. I get bored quickly by doing the same thing over and over
	22.170
	 
	22.235
	6.949
	 
	5.742
	11.119
	19.660
	 
	11.649
	5.084
	19.595
	1.259

	12. It often happens that I do things without thinking ahead
	15.548
	 
	15.363
	5.253
	 
	4.438
	7.313
	13.922
	 
	6.719
	4.406
	13.893
	3.310

	13. It has happened several times that I’ve borrowed something and then lost it 
	6.283
	 
	5.802
	2.687
	 
	1.907
	3.785
	4.796
	 
	4.067
	1.700
	4.627
	0.747

	14. When I need to, I use my smile and my charm to use others 
	7.649
	 
	5.450
	5.678
	 
	2.547
	8.430
	2.370
	 
	7.016
	3.621
	2.235
	4.691

	15. I don’t understand how people can be touched enough to cry by watching things on TV or movie 
	11.512
	 
	10.821
	4.679
	 
	2.109
	9.861
	7.284
	 
	12.034
	1.340
	6.643
	-1.861

	16. I am destined to become a well-known, important and influential person 
	10.441
	 
	9.360
	4.872
	 
	1.717
	9.935
	5.816
	 
	9.150
	2.525
	5.537
	3.811

	17. To feel guilty and remorseful about things you have done that have hurt other people is a sign of weakness 
	5.398
	 
	4.314
	3.326
	 
	1.404
	5.553
	2.284
	 
	6.045
	1.422
	1.953
	0.540

	18. I don’t let my feelings affect me as much as other people’s feelings seem to affect them 
	12.632
	 
	11.957
	5.009
	 
	1.538
	11.191
	8.097
	 
	11.285
	2.028
	7.760
	1.849

	3. I argue a lot
	3.107
	 
	2.347
	2.109
	 
	2.350
	1.068
	2.154
	 
	1.116
	2.163
	2.280
	-0.362

	5. I blame others for my problems
	2.667
	 
	2.506
	1.020
	 
	0.700
	1.568
	2.104
	 
	0.815
	1.129
	2.144
	1.907

	6. I use drugs
	9.444
	 
	9.101
	3.251
	 
	3.598
	3.711
	8.346
	 
	4.776
	2.586
	8.413
	-1.714

	16. I am mean to others
	4.245
	 
	3.785
	1.952
	 
	1.636
	2.319
	3.179
	 
	1.993
	1.764
	3.248
	0.874

	20. I damage my own things
	2.280
	 
	2.094
	0.948
	 
	1.202
	0.652
	2.017
	 
	0.685
	1.069
	2.078
	-0.119

	23. I don't keep by the rules at work or somewhere else
	4.662
	 
	3.907
	2.543
	 
	2.066
	2.731
	3.163
	 
	2.279
	2.305
	3.192
	1.374

	26. I don't feel guilty when I've done something I shouldn't have
	7.123
	 
	5.556
	4.552
	 
	3.910
	4.113
	4.418
	 
	3.604
	4.123
	4.557
	1.210

	28. I get along badly with my family
	6.183
	 
	5.861
	2.284
	 
	1.952
	3.195
	5.055
	 
	3.333
	1.756
	5.063
	0.272

	37. I get in fights a lot 
	2.312
	 
	1.103
	2.601
	 
	2.637
	1.075
	0.808
	 
	1.034
	2.572
	0.948
	-0.363

	39. I deal with people who get into trouble
	9.436
	 
	8.654
	3.950
	 
	4.080
	3.930
	7.843
	 
	3.867
	3.829
	7.960
	0.585

	41. I am impulsive or do things without thinking 
	8.275
	 
	8.199
	2.486
	 
	2.603
	3.273
	7.634
	 
	2.768
	2.664
	7.690
	1.822

	43. I lie or cheat
	3.512
	 
	3.095
	1.672
	 
	1.599
	1.649
	2.709
	 
	1.372
	1.681
	2.787
	0.626

	55. My moods change between elation and depression
	6.761
	 
	8.074
	-0.178
	 
	-0.031
	2.593
	7.646
	 
	2.364
	-0.060
	7.537
	1.830

	57. I physically attack people
	1.488
	 
	1.042
	1.141
	 
	1.126
	0.680
	0.884
	 
	0.526
	1.174
	0.938
	0.255

	68. I scream or yell a lot
	1.903
	 
	1.452
	1.267
	 
	1.185
	1.003
	1.176
	 
	0.952
	1.181
	1.226
	0.036

	76. My behavior is irresponsible
	5.109
	 
	4.937
	1.734
	 
	1.904
	1.899
	4.633
	 
	1.067
	2.239
	4.724
	2.104

	81. My behavior is very changeable
	8.340
	 
	7.912
	3.070
	 
	2.583
	4.335
	6.826
	 
	4.187
	2.544
	6.837
	1.126

	82. I steal
	2.184
	 
	1.710
	1.383
	 
	1.140
	1.304
	1.353
	 
	0.723
	1.477
	1.400
	1.358

	85. I am stubborn, sullen, or irritable
	10.489
	 
	10.051
	3.701
	 
	3.636
	4.620
	9.061
	 
	4.283
	3.571
	9.162
	1.394

	87. My mood or feelings change suddenly
	7.123
	 
	7.878
	0.822
	 
	0.753
	3.075
	7.272
	 
	2.472
	0.975
	7.234
	2.356

	90. I drink too much alcohol or get drunk
	3.659
	 
	3.479
	1.334
	 
	1.857
	0.850
	3.452
	 
	0.673
	1.757
	3.567
	0.313

	92. I do things that can get me in trouble with the law
	5.632
	 
	4.921
	2.749
	 
	2.634
	2.590
	4.347
	 
	1.954
	2.894
	4.428
	1.671

	95. I am hot tempered
	5.317
	 
	4.757
	2.416
	 
	3.126
	1.345
	4.654
	 
	1.343
	2.842
	4.804
	-0.108

	97. I threaten people to hurt them
	0.861
	 
	0.652
	0.581
	 
	0.498
	0.490
	0.524
	 
	0.297
	0.607
	0.547
	0.425

	114. I fail to pay debts or fulfill other financial obligations
	8.712
	 
	7.752
	4.031
	 
	3.633
	4.450
	6.618
	 
	4.158
	3.621
	6.750
	0.977

	116. I am easily upset
	5.461
	 
	6.176
	0.410
	 
	1.203
	1.132
	6.243
	 
	0.985
	1.019
	6.276
	0.833

	117. I have trouble managing money or payment cards
	7.976
	 
	8.339
	1.696
	 
	1.667
	3.424
	7.649
	 
	3.238
	1.587
	7.633
	1.368

	118. I am too impatient
	10.875
	 
	10.326
	3.987
	 
	3.802
	4.919
	9.263
	 
	4.161
	3.985
	9.404
	2.266

	122. I have trouble keeping jobs
	7.237
	 
	7.421
	1.771
	 
	1.710
	3.164
	6.768
	 
	2.870
	1.723
	6.795
	1.287
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Figure S2. Boxplots of Quasi Information Criteria (QIC) values per model, testing different age patterns of each neurobiological (A-I) and behavioral (J-L) measure. The dots represents QIC values per model of each multiple imputed dataset. Lines between dots are to illustrate the link within each dataset per model. The different models (presented on the X axis, in this order) are:
Model 1: Measure ~ Age1
Model 2: Measure ~ Age2
Model 3: Measure ~ Age1 + Sex
Model 4: Measure ~ Age1 * Sex
Model 5: Measure ~ Age2 + Sex
Model 6: Measure ~ Age2 × Sex
Interaction effects indicated with * include the main effects as well. Age1 denotes a linear age term and Age2 an additional quadratic polynomial (age linear included).
Abbrevations. HR = Heart Rate, PEP = Pre-Ejection Period, RSA = Respiratory Sinus Arrythmia , RR = Respiration Rate, SCL = Skin Conductance Level, CAR AUCg = Cortisol Awakening Response, Area under the Curve with respect to the ground, CAR AUCi = Cortisol Awakening Response, Area Under the Curve with respect to the increase.
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Figure S3. Correlation plot of all variables after multiple imputations. Correlations are pooled across imputed datasets. Correlations above the diagonal are zero-order correlations, and correlations below the diagonal are partial correlations, controlled for age and sex (thus correlations with age and sex (first two columns) are not depicted here). The colors indicate the direction of the correlations, blue for positive and red for negative correlations. A darker color indicates a stronger correlation. 
Abbrevations. HR = Heart Rate, PEP = Pre-Ejection Period, log_RSA0 = log-transformed Respiratory Sinus Arrythmia , RR = Respiration Rate, SCL = Skin Conductance Level, CAR AUCg = Cortisol awakening response, Area under the Curve with respect to the ground, CAR AUCi = Cortisol Awakening Response, Area Under the Curve with respect to the increase.
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Figure S4. Boxplots of Quasi Information Criteria (QIC) values per model, testing different neurobiological models of each behavioral component: A. CU/Manipulative traits, B. Intentional Aggression/Conduct, C. Reactivity/Impulsivity/Irritability. The dots represents QIC values per model of each multiple imputed dataset. Lines between dots are to illustrate the link within each dataset per model. 
For boxplots on the left panel, model numbers represent (on the X-axis, in this order): 
[bookmark: _Hlk75524719]Model 1: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi
Model 2: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age1
Model 3: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age1 + Sex
[bookmark: _Hlk75524888]Model 4: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age1 × Sex
Model 5: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age2
Model 6: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age2 + Sex
[bookmark: _Hlk75526026]Model 7: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi + Age2 × Sex
For boxplots on the right panel, the different models (testing the dual-hormone hypothesis) read (on the X-axis, in this order):
Model 1: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone + Cortisol + AUCg + AUCi
Model 2: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone × Cortisol + AUCg + AUCi
Model 3: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone × AUCg + Cortisol + AUCi
[bookmark: _Hlk75523818]Model 3: Component ~ HR + PEP + log_RSA0 + RR + SCL + Testosterone × AUCi + Cortisol + AUCg
Note that interactions effects indicated with * include the main effects as well.  Age1 denotes a linear age term and Age2 an additional quadratic polynomial (age linear included).
Abbrevations. HR = Heart Rate, PEP = Pre-Ejection Period, log_RSA0 = log-transformed Respiratory Sinus Arrythmia , RR = Respiration Rate, SCL = Skin Conductance Level, AUCg = Area under the Curve with respect to the ground, AUCi = Area Under the Curve with respect to the increase (cortisol awakening response).
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[bookmark: _Hlk76206103]Bio-behavioral analyses limited to individuals with ‘severe’ antisociality
The finding that heightened, rather than lowered, arousal is related to antisociality may be at odds with prominent theories such as the low arousal theory (Zuckerman, 1990; Raine & Liu, 1998). Speculatively, this theory may only hold in specific subgroups of individuals characterized by severe antisociality. To test whether the low-arousal theory only holds for those who can be characterized as showing severely antisocial behavior, we repeated our biobehavioral analyses for adolescents from Samples 3-6 only (i.e., Dutch FemNAT-CD sample; Closed Youth Care sample, Juvenile Justice Institution sample, Multi-problem young adult sampl), and excluded samples 1 and 2 (Population sample and Diversion sample, respectively) and the typically-developing control participants of the Dutch FemNAT-CD sample. This resulted in 765 unique participants between 9.00 and 27.18 years old (M = 18.30), of whom 84.3% were male. Although we acknowledge that there are a variety of ways to better define those with ‘severe antisociality’, we believe this selection leaves a robust sample size and an age range comparable to the full sample to answer this exploratory question.
Inspecting QIC values indicates that for all three dimensions, the model with neurobiological main effects only showed the best fit. Whereas no significant biobehavioral associations were found for CU/Manipulative traits, we observed a negative association between cortisol and Intentional Aggression/Conduct (β = -.205 b = -.002, CI [-.005 – -.0001]) and between respiration rate and Reactivity/Irritability/Impulsivity (β = -.107 b = -.002, CI [-.004 – -.0002]), indicating that lowered arousal in these individuals was related to higher scores on these dimensions of antisociality.
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