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A B S T R A C T   

Early adulthood has long been recognized as a potential turning point for the development of antisocial behavior, 
due to changes in social contexts and ongoing psychological and neurobiological maturation. However, it re
mains unclear how different developmental trajectories of antisocial behavior, their neural underpinnings, and 
individual differences in psychopathic traits may help explain the distinct developmental outcomes of individuals 
who persist in or desist from antisocial behavior in early adulthood - such as how they respond to others in social 
contexts. Therefore, in the current study, young adults (aged 18–30, 68% male) with a persistent or desistant 
antisocial trajectory (N = 54), as well as healthy controls (N = 39), completed the Social Network Aggression 
Task, during which they received positive, neutral, or negative feedback on a personal profile and got the op
portunity to retaliate by blasting a loud noise. On a behavioral level, results indicated that in all groups, negative 
peer feedback evoked higher retaliatory aggression, compared to positive and neutral feedback. On a neural 
level, when receiving social feedback, individuals with persistent or desistent trajectories showed both similar 
and dissociable patterns of neural activity; desisting and persisting trajectory groups showed higher activity in 
the Insula, and the desisting trajectory group showed higher activity in dlPFC. Finally, when participants 
retaliated, they showed increased dlPFC and ACC activity following positive relative to neutral and negative 
feedback, where ACC activity correlated most strongly with inhibition of retaliatory responses in the desisting 
trajectory group. Together, these findings provide novel insights in dissociable patterns of brain activity that may 
increase our understanding of the mechanisms underlying different developmental trajectories of antisocial 
behavior.   

1. Introduction 

Antisocial behavior is defined as behavior that violates the rights or 
wellbeing of others, and often conflicts with age-appropriate norms and 
rules (Frick et al., 2018). Children who show antisocial behavior at an 
early age are at risk of developing persistent antisocial behavior (i.e., 
antisocial behavior that continues throughout adolescence and 

adulthood; also known as life-course or early-onset persistent antisocial 
behavior Moffitt, 1993, 2018), and for poorer outcomes in various life 
domains related to health, finances and social relationships (Moffitt, 
2018; Pulkkinen et al., 2009). However, only a small group of children 
with an early onset of antisocial behavior actually show persistent 
antisocial behavior throughout their lives, and in general, desistance 
from antisocial development is the norm (Bersani and Doherty, 2018; 
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Moffitt, 2018). In line with this idea, longitudinal research has identified 
people who show desistent, childhood-limited antisocial behavior, who 
are likewise characterized by high levels of conduct problems early in 
life (Aguilar et al., 2000; Bevilacqua et al., 2018; Fairchild et al., 2013; 
Odgers et al., 2007, Odgers et al., 2008). These children typically desist 
from antisocial behavior in adolescence and early adulthood, and show 
better life outcomes in the majority of (but not all) domains compared to 
the life-course persistent and adolescence limited groups (Bevilacqua 
et al., 2018; Carlisi et al., 2020, 2021; Odgers et al., 2007, Odgers et al., 
2008). 

Hence, while early developmental experiences are considered 
important to the etiology and maintenance of antisocial behavior 
(Moffitt, 2018), an early age of onset of antisocial behavior itself is not a 
strong predictor of antisocial development, since it has been associated 
with both relatively adverse outcomes (in the case of life-course 
persistent antisocial behavior), and relatively positive outcomes (in 
the case of childhood-limited antisocial behavior, see Bevilacqua et al., 
2018; but see Carlisi et al., 2021; Moffitt et al., 2002). Therefore, it is 
important to identify possible candidate mechanisms that allow us to 
gain a better understanding why such developmental outcome differ
ences (i.e., desisting or persisting antisocial trajectories) arise between 
groups with an early onset. Here, we propose that investigating different 
behavioral and neural responses to social rejection between these sub
groups may contribute to a better understanding of the mechanisms that 
underlie persistence and desistance of antisocial behaviors in early 
adulthood. 

1.1. Behavioral and neural responses to social rejection in adolescence 
and early adulthood 

An emerging body of evidence suggests that social context-related 
factors, such as social (peer) rejection, may be important to under
stand why differences in developmental outcomes emerge between 
persisters and desisters in early adulthood (Moffitt, 1993; Monahan 
et al., 2009; Veenstra et al., 2009). Changes in social context can either 
provide positive developmental opportunities and desistance of antiso
cial behavior, or aggravate existing patterns of antisocial behavior (Cyr 
et al., 2020; Hyde et al., 2018). In the transition from childhood to 
adolescence, there is a reorientation in the social context toward peers 
(Crone and Dahl, 2012) and adolescents become increasingly suscepti
ble to peer influence (Prinstein and Dodge, 2008). Accordingly, peers 
often have a profound influence on the development of antisocial 
behavior (Monahan et al., 2009; Moffitt, 1993), which manifests itself 
through peer selection (i.e., who people tend to affiliate with; e.g. 
antisocial or prosocial peers; Kandel, 1978; Monahan et al., 2009) and 
peer socialization (i.e., how affiliation and social interactions influence 
subsequent (anti-)social behavior; Monahan et al., 2009; Prinstein and 
Dodge, 2008)). The transition from adolescence to early adulthood is 
also characterized by a shift in social context, marked by taking on new 
social roles and establishing long-term relationships (Arnett, 2007), 
more freedom and less social control (Arnett, 2005). Generally, when 
people develop into young adults, they become less susceptible to effects 
of peer selection and socialization (Monahan et al., 2009; Arnett, 2007). 
However, there are also remarkable individual differences in the speed 
of, and the actual development of this capacity (Monahan et al., 2009). 

Possibly, such individual differences may coincide with persistent or 
desistent developmental trajectories. In children and adolescents who 
display life-course persistent antisocial behavior, repeated social rejec
tion often triggers maladaptive behaviors such as aggression (Veenstra 
et al., 2009), likely in an attempt to gain social acceptance or maintain 
positive self-views (David and Kistner, 2000; van de Groep et al., 2021; 
Veenstra et al., 2009). This aggressive behavior, in turn, is likely to elicit 
more social rejection by prosocial peers, and affiliation with deviant 
peers, which may result in a vicious cycle of maladaptive antisocial 
behavior throughout development (Veenstra et al., 2009) In contrast, 
people who desist from antisocial behavior may be more likely to have 

positive, prosocial experiences throughout development that allow them 
to deflect from antisocial responses (Cyr et al., 2020; Hyde et al., 2018). 
However, much less is known about whether these group differences 
extend into early adulthood (Hyde et al., 2018; Moffitt et al., 2002). 

To study (immediate) behavioral and neural responses to social 
rejection, previous studies in adults have used social exclusion (Cyber
ball; e.g. Chester et al., 2014) and social feedback paradigms (e.g. Social 
Network Aggression Task (SNAT); Achterberg et al., 2016). In the SNAT, 
participants are evaluated on their personal profile and receive accep
tance, neutral or rejection feedback by age-matched peers. Subse
quently, they can blast a noise towards the peer in response to the 
feedback (see also Chester et al., 2014 for a similar approach). Rejection 
feedback was associated with longer noise blasts (Achterberg et al., 
2016; Chester et al., 2014; van de Groep et al., 2021), which is indicative 
of more retaliatory / aggressive responses. 

Interestingly, the SNAT has also been used to examine the neural 
underpinnings of feedback processing and retaliatory responses in 
children, adolescents and young adults. On a neural level, social rejec
tion and acceptance feedback led to increased activity in the Insula, ACC 
and Medial Prefrontal Cortex (mPFC), regions often associated with 
saliency processing (Achterberg et al., 2016, Achterberg et al., 2017, 
Achterberg et al., 2018, Achterberg et al., 2020). Increased neural 
activation in the dlPFC after negative feedback (relative to positive or 
neutral) has been associated with less aggressive behavior after negative 
feedback (Achterberg et al., 2016, 2017, 2018, 2020; van de Groep et al., 
2021). These findings are consistent with other social feedback para
digms that demonstrated a causal relation between dlPFC stimulation 
through transcranial magnetic stimulation and aggression following 
rejection (Riva et al., 2015). 

It has recently been suggested that the aforementioned brain areas (i. 
e., Insula, ACC, mPFC and dlPFC) may be important for differentiating 
between positive and negative development opportunities in early 
adulthood (Taber-Thomas and Pérez-Edgar, 2015), and they have been 
implicated in the stability and severity of antisocial behavior (Alegria 
et al., 2016; Aoki et al., 2014; Carlisi et al., 2020, 2021; Dugré et al., 
2020; Fairchild et al., 2011; Yang and Raine, 2009). More specifically, 
social changes in early adulthood are accompanied by continuous 
changes in brain function and structure (Herting et al., 2018; Tamnes 
et al., 2017), and the interaction between the emerging social context 
and neural development may give rise to developmental opportunities 
and vulnerabilities (Taber-Thomas and Pérez-Edgar, 2015). Moreover, 
recent neuroimaging studies indicate that life-course persistent antiso
cial behavior is characterized by abnormal functional and structural 
development of both cortical and subcortical brain areas, whereas 
adolescence-limited and childhood-limited antisocial behavior are not 
(Fairchild et al., 2011; Carlisi et al., 2020; Carlisi et al., 2021). Together, 
these findings suggest that investigating functional imaging during so
cial rejection may further elucidate possible mechanisms underlying 
different developmental trajectories of antisocial behavior into early 
adulthood. 

1.2. Accounting for heterogeneity in antisocial behavior: individual 
differences in psychopathic traits 

Over the past few years, it has become increasingly clear that 
aggression is heterogeneous, in its causes, underlying motivations and 
expression (Girard et al., 2019). Accordingly, researchers have argued 
against a categorical approach of investigating antisocial and aggressive 
behavior in individuals who desist or persist in these behavioral profiles, 
and have argued for a more dimensional perspective on psychopathol
ogy, which allows for more nuanced approaches to investigate indi
vidual differences (Garvey et al., 2016; Insel et al., 2010). 

One factor that has repeatedly been linked to differences in fre
quency, severity and persistence of aggressive behavior in social con
texts is psychopathy (Blair, 2015; Brennan et al., 2018). For instance, 
higher levels of psychopathic traits have been associated with aberrant 
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processing during social rejection, and psychopathic trait levels 
moderated the links between social rejection processing and subsequent 
self-reported emotional and behavioral responses, such as anger and 
aggression (Brennan et al., 2018). However, several interrelated di
mensions of psychopathy may differentially influence aggressive 
behavior and its underlying behavioral and neural underpinnings. 
Indeed, Grandiose-Manipulative interpersonal characteristics (marked 
by lying, manipulating and a grandiose sense of self-worth), Impulsive- 
Irresponsible traits (characterized by impulsivity and irresponsibility) 
and Callous-Unemotional traits (characterized by a lack of empathy, 
remorse and shallow affect; Andershed et al., 2002) have all been 
differently associated with aggression (Jambroes et al., 2018; Orue et al., 
2016; Orue and Andershed, 2015) and with altered brain structure and 
function in the ACC, Insula and dlPFC (Poeppl et al., 2019; Yang and 
Raine, 2009). Hence, considering individual differences in psychopathic 
traits may further elucidate why young adults behave aggressively in 
social contexts. 

1.3. The current study 

In this pre-registered study, we examined 94 young adults (aged 
18–30) who were subtyped according to their history of antisocial 
behavior as showing (1) persistent antisocial behavior, (2) desistent 
antisocial behavior or (3) no history of antisocial behavior (henceforth 
referred to as the control group), with two aims. 

Our first aim was to examine (the neural correlates of) aggression 
regulation following social rejection in early adulthood comparing in
dividuals with different types of antisocial profiles. On a behavioral 
level, we hypothesized that (1a) across all participants, social rejection 
results in stronger aggressive responses than positive or neutral social 
feedback (Achterberg et al., 2016; van de Groep et al., 2021). When 
comparing groups, we expected that (1b) social rejection results in 
increased aggression in persisters when compared to desisters and 
controls (Chester et al., 2014, Achterberg et al., 2016). Second, on a 
neural level, across all participants, we (2a) expected increased brain 
activation in the Insula and Anterior Cingulate Cortex (ACC) following 
positive and negative feedback, when compared to neutral feedback 
(Achterberg et al., 2016). When comparing groups (2b), we expected 
that these effects would be stronger in persisters when compared to 
desisters and controls (Achterberg et al., 2016). Third, we hypothesized 
that (3a) across all participants, less aggression would be related to 
increased dlPFC activity, especially during negative feedback (Achter
berg et al., 2016). When comparing groups, we expected that (3b) dlPFC 
activity would be stronger in desisters and controls when compared with 
persisters (Achterberg et al., 2016). Finally, when considering brain- 
behavior associations we expected that (3c) the aforementioned rela
tionship between dlPFC activity and aggression would be more negative 
in desisters and controls when compared to persisters. 

The second aim of this study was to examine whether behavioral and 
neural responses to social rejection differ depending on levels of psy
chopathic traits. On a behavioral level, we hypothesized that (1c) the 
three psychopathic trait dimensions (Grandiose-Manipulative, Callous- 
Unemotional, Impulsive-Irresponsible) are differentially related to 
aggressive responses following negative feedback. In addition, on a 
neural level, we expected that (2c) activity in the Insula and ACC are 
differentially related to the three psychopathic traits (see supplement for 
the specific behavioral and neural hypotheses for each dimension). The 
hypotheses, the design and analysis plan were pre-registered prior to 
data analysis and are available on the Open Science Framework (htt 
ps://osf.io/d6fku/). 

2. Methods 

2.1. Participants 

The current study was part of a larger longitudinal study on the 

development of antisocial behavior from late childhood to early adult
hood in the Netherlands (Cohn et al., 2012; Cohn et al., 2013; Cohn 
et al., 2015a,b; Cohn et al., 2016a; Cohn et al., 2016b; Pape et al., 2015; 
van Domburgh, 2009a,b, 2011, 2019; Tielbeek, 2018), called ‘RESIST’ 
(see Figure S1A for an overview of the five different time points, T1 
(2003–2006, mean age 10.9 (SD = 1.4)), T2 (2004–2008, mean age 11.4 
(SD = 1.5)), T3 (2005–2008, mean age 13.1 (SD = 1.5)), T4 
(2010–2012, mean age 17.6 (SD = 1.4)), T5 (2019–2021, mean age 25.5 
(SD = 1.7))). For the current study, we approached participants from the 
original sample (N = 364, prioritizing participants who had participated 
in and up to the previous wave (T4: N = 130), resulting in a sample of 74 
participants (see Figure S1A-B). Of these 74 individuals, 55 completed 
the MRI protocol. Demographic and clinical data did not differ between 
participants included and excluded for the MRI session (see supple
mental methods and Table S1), except for IQ scores, which were higher 
in the included than the excluded group. In addition, we recruited 40 
healthy controls, without a history of antisocial behavior, who also 
completed the same measures and MRI protocol (see van de Groep et al., 
2021). Note that the current study primarily reports cross-sectional data, 
but uses longitudinal data to determine whether participants desisted or 
persisted in antisocial behavior (see section 2.2.3). 

All participants were screened for fMRI contra-indications and had 
normal to corrected vision. Participants were excluded from fMRI ana
lyses in case they did not perform or complete the task (Ncontrol = 1, 
Ncases = 0), if the MRI data was corrupted (Ncontrol = 1, Ncases = 0) or 
showed excessive head motion (>3mm; Ncontrol = 3; Ncases = 1), resulting 
in final fMRI sample of 35 controls and 53 cases (42 desisters and 11 
persisters), respectively. Head motion did not differ between individuals 
from the control (M = 0.095, SD = 0.052), desister (M = 0.087, SD =
0.060) or persister groups (M = 0.105, SD = 0.102), F(2, 93) = 0.43, p =
.67. Analyses on behavioral results were conducted for those partici
pants who completed the task and required questionnaires (Ncontrol = 39 
and Ncases = 54 (42 desisters and 12 persisters), respectively). See 
Table 1 for an overview of the descriptive data (total sample and sub- 
groups). 

The study protocol was approved by the VU University Medical 
Center Medical Ethical Committee (registration number 2009.268 - 
NL28844.029.09), with local approval from the Leiden Institute for 
Brain and Cognition. All subjects gave written informed consent in 
accordance with the Declaration of Helsinki. After completing the 
experiment, participants were debriefed about the aim of the study and 
received a financial reimbursement for their participation (75 euros for 
controls, 100 euros for cases). 

2.2. Materials 

2.2.1. Social Network Aggression Task 
To investigate the neural basis of social evaluation and subsequent 

aggressive responses, we used the Social Network Aggression Task 
(Achterberg et al., 2016). During this task, participants received social 
feedback (Positive, Negative, Neutral) from unknown same-aged peers, 
based on a personal profile completed by the participants prior to the 
experiment. Social feedback valence was signaled by different icons 
(green thumbs up for Positive feedback, grey circle for Neutral feedback, 
red thumbs down for Negative feedback; see Fig. 1A), with super
imposed neutral pictures of same-aged peers. After receiving social 
feedback, participants were asked to respond to the evaluations by 
sending hypothetical noise blasts to the same-aged peers. Participants 
were instructed to press the button always, but could control the loud
ness of the noise blast with a button press. A longer button press cor
responded with a longer noise blast duration (i.e., louder white noise). 
Noise blast duration was visualized by a volume bar (see Fig. 1B for a 
schematic trial representation). The SNAT consisted of three blocks of 20 
trials (60 in total, van de Groep et al., 2021), with three social feedback 
conditions (i.e., Neutral, Positive, Negative) being semi-randomized 
across these blocks. Participants could not receive feedback from the 
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same type more than three times in a row. Trial order and jitter timing 
were optimized using Optseq2 (Dale, 1999). 

2.2.2. Youth Psychopathic Traits Inventory (YPI). 
Psychopathic traits were assessed using the Youth Psychopathy In

ventory (Andershed et al., 2002), a 50-item self-report questionnaire 
that distinguishes three trait dimensions: Grandiose-Manipulative, 
Callous-Unemotional, and Impulsive-Irresponsible traits. Although the 
questionnaire was originally developed to assess psychopathic traits in 
adolescents, the YPI has also been validated in young adults (see e.g. 
Campbell et al., 2009; Neumann and Pardini, 2012). Each item is scored 
on a 4-point Likert scale (1 = does not apply at all, to 4 = applies very 
well). For both samples, the reliability of the total YPI score, Grandiose- 
Manipulative and Impulsive-Irresponsible subscales was good to excel
lent, and reliability of Callous-Unemotional traits was poor for both 

samples. Total and dimensional sub scores are displayed in Table 1. 

2.2.3. Antisocial behavior 
All participants with a history of antisocial behavior were arrested by 

the police before the age of 12. Hence, in the current sample, all in
dividuals with a history of antisocial behavior showed an early onset of 
such behavior (in the form of a convicted criminal offense, but not 
necessarily in the form of a disruptive behavior disorder (DBD) (see 
Table S5), and none of them could be characterized as showing 
adolescence-limited antisocial behavior. Participants with a history of 
antisocial behavior were subtyped into different developmental trajec
tories using diagnostic interviews conducted at ages 14-20 (T4) and ages 
21-29 (T5). DBD diagnoses were determined using the National Institute 
of Mental Health DISC-IV (Shaffer et al., 2000). Antisocial personality 
disorder was determined by using the MINI-PLUS (Lecrubier et al., 
1997), a brief structured diagnostic interview to diagnose psychiatric 
disorders according to the DSM-IV. Participants were classified as 
showing persistent antisocial behavior when they received a diagnosis of 
disruptive behavior disorder at wave 4 (T4) of the longitudinal study, 
and / or antisocial personality disorder at wave 5 (T5). Of the 54 par
ticipants who completed the experimental task, 12 were classified as 
persister, and 42 as desister (see Figure S1B). One participant did not 
complete the MINI and could not be classified. Hence, this participant 
was excluded from all analyses involving subgroup comparisons. 

2.3. Procedure 

Prior to participation, participants received information about the 
study by telephone and through a digital information letter. Participants 
in the control sample completed the whole procedure in one session 
(June – September 2019, van de Groep et al., 2021). For participants in 
the ‘case’ sample, data collection (for the fifth timepoint, T5) was split 
across two sessions (a ‘home visit’ and scan session). Both aforemen
tioned questionnaires (i.e., YPI and MINI) were administered during the 
home visit. Given that data collection for this sample was ongoing 
during the outbreak of the COVID-19 pandemic, these ‘home visits’ were 
conducted at participants’ homes between November 2019 and March 
13th 2020; and subsequently conducted through skype for business 
between March 14th 2020 and February 2021. The only other proce
dural difference was that for the part of the sample who participated 
after March 13th 2020, IQ tests were completed during the MRI session, 
instead of the ‘home visit’ session. 

After signing informed consent, all participants filled out several 
questionnaires prior to the scanning session. During the scanning ses
sion, participants first received instructions about the tasks and per
formed practice versions of the fMRI tasks. Since the current study was 
part of a larger project, several additional measures were taken during 
the MRI session. 

2.4. Neuroimaging methods 

2.4.1. Neuroimaging Methods: MRI Data Acquisition 
We acquired MRI data using a 3T MRI scanner (Philips Achieva TX, 

Erlangen, Germany) with a standard whole-head coil. For functional 
MRI scans, T2*-weighted gradient echo-planar images were collected 
(repetition time = 2.2 sec, echo time = 30 msec, flip angle = 8 degrees, 
sequential acquisition: 38 slices, voxel size = 2.75 × 2.75 × 2.75 mm, 
80 × 80 matrix, field of view = 220 × 220 × 115 mm). Functional scans 
were acquired during three runs (corresponding to the three task 
blocks), which consisted of 150 dynamic scans each. Prior to the first 
functional scan of each run, we acquired five dummy scans. Stimuli were 
displayed on a screen that participants could view through a mirror 
attached to the head coil. Participants’ head movements were restricted 
by using foam inserts at one or both sides of the head. In addition to the 
fMRI sequences, we collected structural images for anatomical reference 
(duration of 4 min and 12 s, high resolution 3D T1, repetition time = 7.9 

Table 1 
Sample description, group comparisons and reliability estimates.   

Group  

Measure Desister 
(n = 42) 

Persister 
(n = 12) 

Control 
(n = 39) 

Statistical 
comparison 

Gender [n males/ 
females] 

36/6 11/1 16/23  

Age [M (SD)] 26.20 
(1.63) 

26.62 
(1.13) 

22.7 
(3.07) 

F (2,90) =
26.42, p <
.001a 

Education [n]    Х2 = 9.38, p =
0.15 

Vocational 25 6 16  
College 9 2 18  
University 4 1 4  
Other 4 3 1  
IQ [M (SD)]1 103.47 

(14.13) 
100.87 
(11.08) 

107.47 
(11.64) 

F (2,90) =
1.65, p = .19 

YPI Total 
psychopathic traits 
[M (SD)]2 

84.91 
(16.37) 

106.67 
(19.51) 

87.57 
(9.72) 

F (2,90) =
10.85, p <
.001b 

YPI Callous- 
Unemotional 
Traits [M (SD)] 

28.77 
(3.64) 

33.5 (5.03) 29.18 
(3.09) 

F (2,90) =
8.21, p < .001b 

YPI Grandiose- 
Manipulative 
Traits [M (SD)] 

27.53 
(7.47) 

37.33 
(11.16) 

28.29 
(4.99) 

F (2,90) =
9.20, p < .001b 

YPI Impulsive- 
Irresponsible 
Traits [M (SD)] 

28.59 
(7.53) 

35.83 
(7.19) 

30.03 
(5.70) 

F (2,90) =
5.34, p = .006b 

Cronbach’s Alpha Cases Controls  
YPI Total 0.92 0.81  
YPI Callous- 

Unemotional 
Traits 

0.52 0.39  

YPI Grandiose- 
Manipulative 
Traits 

0.91 0.78  

YPI Impulsive- 
Irresponsible 
Traits 

0.86 0.77  

Note. IQ, estimated IQ based on two subscales of the Wechsler Adult Intelligence 
Scale-IV (Similarities and Block Design), YPI = Youth Psychopathic traits 
Inventory. 

a Significant differences between controls and desisters, and controls and 
persisters 

b Significant differences between persisters and desisters, and persisters and 
controls 

1 Note that for three participants who completed the fMRI session (nperister = 1, 
ndesister = 2), the IQ tests at T5 were not completed. Therefore, we estimated 
these scores using multiple imputation based on the other variables reported in 
this table, as well as prior IQ scores (T4). 

2 Note that for two participants who completed the fMRI session (nperister = 1, 
ndesister = 1), the YPI was not completed. Therefore, we estimated these scores 
using multiple imputation, based on the other variables reported in this table, as 
well as prior IQ scores (T4). 
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ms, echo time = 3.5 ms, flip angle = 8 degrees, 3D matrix size for 3D 
acquisitions: 228 × 177 × 155 slices, axial slice orientation, voxel size =
1.1 × 1.1 × 1.1 mm, field of view = 250 × 196 × 170 mm). T1 dummy 
scans for stabilization were automatically discarded by the scanner. 

2.4.2. Neuroimaging methods: preprocessing 
Data were analyzed using SPM12 (Welcome Department of Cognitive 

Neurology, London, United Kingdom) using the following steps: 
realignment, slice-time correction, spatial normalization to T1 tem
plates, spatial smoothing with a 6-mm FWHM isotropic Gaussian kernel. 
Subsequently, all volumes were resampled to voxels of 3x3x3 millime
ters. Our templates were based on the MNI305 stereotaxic space 
(Cocosco et al., 1997). 

2.4.3. Neuroimaging methods: first level analyses 
To perform first-level individual analyses, we used the general linear 

model in SPM12. We modelled the fMRI time series as a series of two 
events convolved with the hemodynamic response function (HRF). More 
specifically, we first modelled social feedback onset with a zero duration 
and with separate regressors for the feedback conditions (i.e., Positive, 
Negative, Neutral). Second, we modelled the noise blast start for the 
length of the noise blast duration, with separate regressors for noise 
blasts following Positive, Negative, and Neutral feedback. Each run was 
modeled as a separate block. In addition, six motion parameters were 
included as nuisance regressors. Invalid trials (on which participants 
failed to respond, 1.72% of trials) were modeled separately as a covar
iate of no interest and were excluded from further analyses. Least-square 
parameter estimates of the height of the best-fitting canonical hemo
dynamic response function were used for each condition in pairwise 
contrasts. These pairwise comparisons led to participant-specific 
contrast images, which were subsequently submitted to second-level 
group analyses. 

2.4.4. Neuroimaging methods: second level analyses 
We first performed a full factorial analysis of variance (ANOVA) with 

three levels (Positive, Negative, and Neutral feedback) to examine the 
neural responses to social feedback on a whole-brain level. More spe
cifically, we calculated and tested the contrasts “Positive vs. Negative 
valence,” “Positive vs. Neutral valence,” “Negative vs. Neutral valence” 
(and the reversed contrasts) to investigate which brain regions that were 
specifically activated for social rejection or social acceptance. In addi
tion, we calculated the conjunction “(Positive + Negative) vs. Neutral 
valence” (and the reversed contrast) to examine which brain regions 
were specifically activated in response to valenced evaluations. 

Second, we exploratively performed another full factorial ANOVA 
three levels (Positive, Negative, and Neutral feedback) to examine the 
neural responses during the noise blast on a whole-brain level, using the 
contrasts “Positive vs. Negative Noise Blast”, “Positive vs. Neutral Noise 
Blast,” “Negative vs. Neutral Noise Blast”, “(Positive + Negative) vs. 

Neutral Noise Blast”, (and the reversed contrasts). Finally, we also 
explored whether brain activity during the noise blast event following 
positive feedback was associated with the noise blast duration after 
positive feedback (relative to negative feedback), using a whole brain 
regression analysis, using the contrasts “Positive vs. Negative Noise 
Blast,”and “Negative vs. Positive Noise Blast”. All results were corrected 
using a FDR cluster-corrected threshold of p < .001. Coordinates for 
local maxima are reported in MNI space. Unthresholded statistical maps 
of all reported whole-brain analyses are available on Neurovault (Gor
golewski et al., 2015); see https://neurovault.org/collections/ 
THUHIXAC/. 

2.4.5. Neuroimaging Methods: Region-of-Interest analyses (ROIs). 
To test for neural differences related to social feedback evaluation, 

we created 4 ROIs using the MarsBaR toolbox (Brett, Anton, Valabregue, 
and Poline, 2002) for SPM12 for which we extracted parameter esti
mates for the left Insula (coordinates x = − 36, y = 23, z = -2), right 
Insula (x = 33, y = 20, z = − 11), ACC (x = 0, y = 38, z = 16) (Achterberg 
et al., 2016), and dlPFC (x = 48, y = 17, z = 37) (Achterberg et al., 2018; 
van de Groep et al., 2021), based on a-priori hypotheses. All ROIs were 
created by extracting 10 mm spheres around the specified coordinates. 
For the 4 a-priori defined ROIs, we applied Bonferroni correction for 
correlated variables with a threshold of α = 0.0287 (Perneger, 1998). A 
more detailed description of ROI analyses can be found in the 
supplement. 

2.5. Statistical analyses 

We followed all analyses steps as detailed in our pre-registration on 
the Open Science Framework (https://osf.io/d6fku/). Behavioral and 
ROI data were analyzed using R (Version 4.0.1, R Core team, 2020). 
Prior to analyses, assumptions were checked. We identified two uni
variate noise blast duration outliers for positive feedback. These uni
variate outlier scores were winsorized (Tabachnick and Fidell, 2013). 
Results did not change before and after winsorizing. Here, we report the 
winsorized results. 

3. Results 

3.1. Behavioral results 

3.1.1. Behavioral results: Social feedback × Group 
To test whether social feedback and Group status interactively 

influenced noise blast duration, we performed a repeated-measures 
ANOVA with Feedback type (Positive vs. Neutral vs. Negative) and 
Group (Persister vs. Desister vs. Control) as independent variables, and 
noise blast duration as dependent variable. As can be seen in Fig. 2A, 
there was a main effect of Feedback type, F (1.18, 104.26) = 44.45, p <
.001, η2

p = 0.34, indicating that noise blasts were longest following 

Fig. 1. (A) Participants received Positive, Neutral and Negative feedback from same-aged peers. (B) Schematic representation of a Negative feedback trial in the 
Social Network Aggression Task (SNAT). 
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Fig. 2. (A) Average noise blast duration following social feedback during the SNAT. Noiseblast duration was longest following Negative feedback, shorter for Neutral 
feedback and shortest for Positive feedback. (B) Average noise blast duration following social feedback in the different groups (Persisters, Desisters and Controls). 

Fig. 3. (A-C) Association between Callous-Unemotional (CU), Grandiose-Manipulative (GM) and Impulsive-Irresponsible (II) traits and noise blast duration. (D) 
Association between Total psychopathic traits (YPI) scores and noise blast duration. 
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negative feedback (M = 1274.04, SD = 992.45), shorter for neutral 
feedback (M = 759.86, SD = 542.18), and shortest for positive feedback 
(M = 476.93, SD = 346.42; all post hoc comparisons (Bonferroni-cor
rected), p’s < 0.001), in line with hypothesis 1a. We found no main 
effect of Group, nor an interaction effect between Feedback type and 
Group, all p’s > 0.05 (Fig. 2B). Hence, in line with this omnibus test and 
contrary to our hypothesis 1b, we did not find differences in noise blast 
duration following social rejection (i.e., negative social feedback) be
tween persisters and desisters, or persisters and controls, all p’s > 0.05. 

3.1.2. Behavioral results: social feedback × psychopathic traits 
To investigate whether psychopathic traits influence noise blast 

duration (hypothesis 1c), we performed repeated measures ANOVAs 
with Feedback type and Psychopathic traits as independent variables, 
separately for each trait dimension and the total YPI score (Callous- 
Unemotional, Grandiose-Manipulative, Impulsive-Irresponsible, YPI 
Total). Visual inspection and correlation analysis of the association be
tween Grandiose-Manipulative and Impulsive-Irresponsible traits and 
noise blast duration indicated a positive association, implying that 
higher Grandiose-Manipulative traits (R = 0.13, p = .028), and higher 
Impulsive-Irresponsible traits (R = 0.12, p = .047) are associated with 
longer noise blast durations (see Fig. 3B-C). However, it should be noted 
that these associations did not survive corrections for multiple testing. 
Likewise, the ANOVA with psychopathic traits and Feedback type as 
independent variables did not reveal a significant main effect of 
Grandiose-Manipulative traits, F (1, 91) = 3.03, p = .085, η2

p = 0.032, 
Callous-Unemotional traits, F(1, 91) = 0.68, p = .41, η2

p = 0.07, or 
Impulsive-Irresponsible traits, F(1, 91) = 2.48, p = .19, η2

p = 0.03 on 
noise blast duration, nor any interactions between feedback type and the 
three trait dimensions, all p’s > 0.68. Also for the total YPI score, visual 
inspection and correlation analysis revealed a positive correlation (R =
0.13, p = .026, see Fig. 3D), but the ANOVA with YPI score and Feedback 
type as independent variables revealed no significant main effect of YPI 
score, F(1, 91) = 3.13, p = .08, η2

p = 0.03, nor interaction effect between 
feedback type and total YPI score, F(1.19, 108.08) = 0.05, p > .87. 

3.2. Neural results feedback processing 

3.2.1. Confirmatory whole brain analysis 
To examine neural responses on the whole brain level, we performed 

a whole brain full-factorial ANOVA with Feedback type (Negative, 
Positive, Neutral) as within-subject factor (see Table 2 for an overview of 
the results). First, the “Positive > Neutral” feedback contrast resulted in 
significant activation in the right ACC / mPFC and left Insula / IFG 
(Fig. 4E). Second, the Valence “(Positive + Negative) vs. Neutral” 
contrast showed significant activity in the left Insula / IFG (Fig. 4G). 
Third, the “Negative > Neutral” Feedback contrast yielded significant 
activation in the right Insula / IFG (Fig. 4F). Together, these results 
indicate increased brain activation in the left and right Insula and 
Anterior Cingulate Cortex (ACC) following positive and/or negative 
feedback, when compared to neutral feedback (consistent with hy
pothesis 2a). 

3.2.2. Confirmatory ROI analyses 

3.2.2.1. Confirmatory ROI Analyses: The effect of feedback type (Salience) 
on Insula and ACC activity. To test whether receiving positive or nega
tive feedback (compared to neutral feedback) resulted in increased brain 
activation in the Insula and ACC, we also performed repeated measures 
ANOVAs for the three a priori defined ROIs based on the Achterberg 
et al. (2016); ACC, left Insula and right Insula (Fig. 4A-D). The analyses 
resulted in main effects of Feedback type on ACC activation, F (2, 176) 
= 4.39, p = .013, η2

p = 0.048, the left Insula activation, F (2, 176) = 6.91, 
p = .001, η2

p = 0.073, and the right Insula, F (2, 176) = 3.54, p = .031, η2
p 

Table 2 
MNI coordinates of local maxima activated the contrasts (1) “Positive > Nega
tive”, (2) “Positive > Neutral”, (3) “ (Positive + Negative) > Neutral”, (4) 
“Positive > (Negative + Neutral)”, (5) “(Positive + Neutral) > Negative”, (6) 
“Negative > Neutral”, (7) “Negative > (Positive + Neutral)”, and (8) “Neutral >
Negative” during the feedback event for the Social Network Aggression Task. 
Results were FDR cluster-corrected using p < 0.001.The reversed contrasts 
“Negative > Positive”, “Neutral > Positive” and “(Negative + Neutral) > Posi
tive”, “Neutral > (Positive + Negative) did not result in significant effects. See 
https://neurovault.org/collections/THUHIXAC/ for a full, unthresholded over
view of activation.  

Area of activation MNI Coordinates Test 
statistic 

Cluster 
Size  

x y z T  

Positive > Negative feedback      
Lingual_R 4 − 78 − 8 7.90 3591 
Angular_R 40 − 70 42 5.68 755 
Frontal_Mid_R 30 22 52 5.64 848 
Putamen_L − 28 4 − 2 5.11 730 
Cingulum_Post_L 0 − 34 24 4.95 798 
Frontal_Inf_Oper_L − 44 6 26 4.87 437 
Frontal_Inf_Tri_L − 46 30 20 4.70 341 
Frontal_mid_L − 28 10 54 4.46 472 
Parietal_Inf_L − 34 − 74 44 4.46 207 
Precuneus_R 4 − 68 48 4.39 213 
Parietal_Inf_L − 50 − 36 48 4.30 242 
Supp_Motor_Area_L − 6 − 10 52 4.19 215 
Positive > Neutral feedback      
Fusiform_R 24 − 74 − 10 7.62 4841 
Frontal_Inf_Tri_L − 34 28 2 5.93 541 
Cingulum_Ant_R 6 42 4 4.09 233 
Positive + Negative > Neutral 

feedback      
Temporal_Inf_R 48 − 66 − 6 7.8 2638 
Occipital_Mid_L − 42 − 80 6 7.28 1609 
Frontal_Inf_Tri_L − 36 28 2 5.90 335 
Positive > Negative + Neutral 

feedback      
Lingual_L − 20 − 76 − 10 8.29 3038 
Insula_L − 30 18 6 5.43 857 
Occipital_Mid_L − 28 − 82 20 5.19 239 
Cingulum_Post_L − 2 − 36 24 5.11 421 
Supp_Motor_Area_R 4 6 48 4.36 383 
Parietal_Inf_R 52 − 56 40 4.26 186 
Frontal_Inf_Oper_L − 44 6 26 4.14 176 
Frontal_Inf_Tri_L − 40 44 12 4.07 184 
Cingulum_Ant_R 10 42 10 3.85 204 
Positive + Neutral > Negative 

feedback      
Frontal_Mid_R 30 2 52 5.99 857 
Lingual_R 4 − 80 − 4 5.79 2370 
Angular_R 40 − 72 40 5.77 529 
Frontal_Mid_L − 28 10 54 5.49 436 
Cingulum_Mid_R 4 − 38 38 5.07 358 
Frontal_Inf_Tri_L − 46 30 20 4.60 204 
Parietal_Inf_L − 34 − 74 44 4.50 168 
Frontal_Inf_Oper_L − 44 4 24 4.49 310 
Negative > Neutral feedback      
Occipital_Sup_L − 12 − 96 8 7.67 1041 
Temporal_Inf_R 48 − 66 − 6 7.11 1508 
Frontal_Inf_Orb_R 44 26 − 1 4.53 172 
Negative > Positive + Neutral 

feedback      
Occipital_Sup_L − 12 − 96 8 8.87 165 
Calcarine_R 10 − 94 10 5.59 326 
Occipital_Mid_L − 46 − 78 8 5.31 171 
Temporal_Inf_R 46 − 66 − 8 4.51 176 
Neutral > Negative feedback      
Frontal_Mid_R 30 12 56 4.99 433 

Note: Names were based on the aal toolbox in SPM. For functional regions dis
cussed throughout the paper, both the aal label and functional label (between 
brackets) are displayed. 
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= 0.039, although the latter did not survive Bonferroni correction. As 
can be seen in Fig. 4A-D, for all a priori ROIs, activation was highest for 
positive feedback, and lowest for neutral feedback. Post-hoc tests 
(Bonferroni-corrected) yielded increased activation in the ACC 
following positive feedback compared to neutral feedback (p = .017). In 
addition, we observed significant higher activity in the left Insula, p =
.002, following positive feedback vs. neutral feedback. The other dif
ferences between conditions in the ACC, left and right Insula were not 
significant, all other p’s > 0.036 (see supplementary materials Table S2). 

3.2.2.2. Confirmatory ROI analyses: the interactive effects of feedback 
type × Group (Salience) on Insula and ACC activity. To test whether the 
aforementioned saliency effects in the ACC and Insula would be stronger 
in persisters when compared to desisters and controls, we performed 
repeated measures ANOVAs with Feedback type and Group status as 
independent variables (see Fig. 5). For the left Insula, we observed a 
main effect of Group, F (2, 85) = 3.42, p = .037, η2

p = 0.074, although 
this effect did not survive Bonferroni correction. For the right Insula, we 
also found a main effect of Group, F (2, 85) = 7.37, p = .001, η2

p = 0.148. 
Post hoc tests (Bonferroni-corrected) showed a difference in right Insula 
activation between persisters and controls, p = .031, and a significant 
difference between desisters and controls, p = .002 with more activation 
in persisters and desisters than controls. There was no main effect of 
Group for the ACC, F (2, 85) = 1.46, p = .238, and no Feedback × Group 
interactions for the ACC, F (3.87, 164.34) = 0.55, p = .69, left Insula, F 
(3.89, 165.41) = 1.14, p = .34, or right Insula, F (3.95, 167.98) = 0.62, p 
= .65. 

3.2.2.3. Confirmatory ROI Analyses: The interactive effects between feed
back type × Psychopathic traits (Salience) on Insula and ACC activity. To 

investigate whether psychopathic traits influence brain activation in the 
Insula and ACC, we tested whether the three psychopathic trait di
mensions and total scores (i.e., Callous-Unemotional, Grandiose- 
Manipulative, Impulsive-Irresponsible and YPI Total) influenced sa
liency difference scores (i.e., parameter estimates for “(Positive +
Negative) > Neutral”) for the ACC, left and right Insula. Contrary to our 
hypothesis 2c, we found no evidence that psychopathic traits differen
tially influence activity in these areas (see supplementary materials, 
Table S3). 

3.3. Confirmatory ROI Analyses: the effect of feedback type on dlPFC 
activity 

The next question was to test whether there were significant corre
lations between dlPFC activity and noise blast for the contrasts “Nega
tive > Positive” and “Negative > Neutral”. Before testing these 
associations, we explored whether there were main effects of Group or 
Group × Feedback type interactions in this ROI. 

3.3.1. Confirmatory ROI Analyses: the interactive effect of feedback type ×
Group status on dlPFC activity 

To test whether Feedback type and Group interactively influenced 
activity in the dlPFC, we performed repeated measures ANOVA with 
Feedback type and Group as the independent variables, and dlPFC 
parameter estimates as the dependent variable. This analysis yielded a 
main effect of Group, F (2, 85) = 9.37, p < .001, η2

p = 0.181, see Fig. 5B. 
Post hoc tests indicated that desisters showed increased dlPFC activity 
compared to controls, p < .001. The other differences between condi
tions and groups were not significant, all other p’s > 0.12. 

Fig. 4. (A-D) Task condition effects (for social feedback) in three pre-defined ROIs (ACC, left and right Insula) and one exploratory ROI (dlPFC). In general, activation 
was highest for Positive feedback than for Negative and Neutral feedback. (E-G) Whole brain full factorial ANOVA conducted at the group level for the contrasts 
Positive vs. Neutral feedback (E), Negative vs. Neutral feedback (F) and Positive + Negative vs. Neutral (G). 
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3.3.2. Confirmatory brain behavior associations: dlPFC activity during 
feedback processing following negative feedback 

Contrary to our expectations (hypothesis 3a), there were no signifi
cant correlations between dlPFC activity following negative feedback 
and noise blast duration following negative feedback (relative to posi
tive and neutral feedback), all p’s > 0.57 (corrected for multiple- 
testing). 

3.4. 3 Confirmatory brain behavior associations: dlPFC activity during 
feedback processing following negative feedback between groups 

To test for differences between groups with regard to the observed 
associations between dlPFC activity and noise blast duration following 
negative feedback (compared to both neutral and positive feedback), we 
computed fisher r-to-z transformations. Subsequently, we tested 
whether the correlations were significantly different between groups (i. 
e., control vs. persisters, control vs. desisters, and persisters vs. desisters) 
(Lenhard and Lenhard, 2014), corrected for multiple-testing. Contrary 
to our hypothesis (3c), group status did not influence associations be
tween dlPFC activity following negative feedback and noise blast 
duration following negative feedback (relative to both positive and 
neutral feedback). Hence, contrary to what we expected, there were no 
differences between persisters and controls, z = -0.65, p = .26 (Negative 
vs. Positive), z = − 1.03, p = .15 (Negative vs. Neutral), nor between 
persisters and desisters, z = -0.35, p = .36 (Negative vs. Positive), z =
1.64, p = .051 (Negative vs. Neutral). 

3.5. Neural results aggressive responses 

3.5.1. Exploratory whole brain analyses: neural activity during the noise 
blast 

Based on prior findings, we explored neural activity during the noise 
blast event (van de Groep et al., 2021). Several contrasts showed sig
nificant differences in activation during the whole brain analyses during 
the noise blast event (see Table 3). First, the contrast “Positive >
Negative Noise Blast” resulted in more activity in the left IFG, right 
frontal middle gyrus and left putamen (see Fig. 6A). Second, the contrast 
“Positive > Neutral Noise Blast” resulted in increased activity in the 
right Calcarine, left Supramarginal gyrus and right Angular gyrus. 
Finally, the “Positive > (Negative + Neutral) Noise Blast” contrast 
resulted in more activity in the left IFG, left Cerebellum, left Supra
marginal gyrus, left Fusiform gyrus and right Frontal middle gyrus. 

3.5.2. Exploratory ROI Analyses: dlPFC activity during the noise blast 
Based on earlier findings that suggest differential reactivity to social 

feedback of the dlPFC during the noise blast event (van de Groep et al., 
2021), we extracted ROI values from the whole brain analysis, (co
ordinates: x = -34, y = 36, z = 16; using a 10 mm sphere) to examine this 
possibility in more detail, and explore whether this reactivity differed 
between groups, using a Feedback type × Group ANOVA. We found a 
main effect of Feedback type, F(1.81, 153.66) = 4.74, p = .012, η2

p =

0.053. Post hoc tests revealed significantly higher dlPFC activity during 
noise blast responses following positive feedback compared to negative 
feedback, p < .001, and neutral feedback, p = .008. In addition, we 
observed a Feedback type × Group interaction (See Fig. 6B), F(3.62, 
153.66) = 3.11, p = .021, η2

p = 0.068, which indicated that the persister 

Fig. 5. Group effects for three pre-defined ROIs (ACC, left and right Insula) and one exploratory ROI (dlPFC) during feedback processing. For the left Insula (B), right 
Insula (C), and dlPFC (D), there was a main effect of Group. 
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group showed less dlPFC activity during the noise blast event following 
positive feedback compared to controls, p = .02, and desisters, p = .02. 
Follow-up ANOVAs also revealed that persisters did not respond 
differently to the different feedback types, F (2, 20) = 0.38, p = 696, η2

p 

= 0.004, unlike the controls, F (2, 68) = 16.51, p < .001, η2
p = 0.327, and 

desisters, F (2, 82) = 8.03, p < .001, η2
p = 0.163. The latter two groups 

both showed most activity following positive feedback, less after neutral 
feedback, and least after negative feedback. 

3.5.3. Exploratory whole brain regression: activity during the noise blast 
Finally, we explored whether brain activity during the noise blast 

event following positive feedback was associated with the noise blast 
duration after positive feedback (relative to negative and neutral feed
back), using a whole brain regression analysis. We found increased ac
tivity following positive feedback was associated with shorter noise blast 
duration in several areas (see Table 4 and Fig. 6C), including the ACC 
and Dorsal Striatum (Caudate and Putamen). Visual inspection revealed 
that these associations were mainly driven by the desister subgroup. To 
further explore this effect, we examined whether brain-behavior asso
ciations for these areas differed between groups, using the same 
approach as described in the previous section. These analyses revealed 
that desisters showed stronger negative associations in the ACC 
compared to the controls (see Fig. 6D), z = 5.037, p < .001, and per
sisters, z = 2.543, p = .005, as well as in the left Caudate, compared to 
controls, z = 4.116, p < .001, and persisters, z = 2.572, p = .005. There 
were no significant differences between persisters and controls. 

4. Discussion 

An important developmental question concerns why some people 
who show antisocial behavior in childhood persist in antisocial behavior 
into early adulthood, whereas others desist from this trajectory (Hyde 
et al., 2018; Laub and Sampson, 2021). In this study, we addressed this 
question using a social aggression paradigm to examine behavioral and 
neural responses to social feedback in young adults with and without a 

history of antisocial behavior. We examined the role of social context in 
retaliatory aggressive behavior using two different, but complementary 
approaches: a developmental group trajectory approach (i.e., comparing 
desisters/persisters/controls) and an individual differences approach by 
examining the association with psychopathic traits. We showed three 
important behavioral and neural development findings. First, when 
participants received rejection relative to neutral and positive feedback, 
they showed higher retaliatory aggression (noise blasts), regardless of 
group. Moreover, higher retaliatory aggression responses were associ
ated with higher levels of psychopathic traits. Second, when receiving 
social feedback, individuals with persistent or desistent trajectory of 
antisocial behavior showed dissociable patterns of neural activity; with 
higher activity in the Insula for the desisting and persisting trajectory 
groups (compared to controls) and higher activity in dlPFC only for the 
desisting trajectory group (compared to the persistent and control 
groups). Third, when administering the noise blast, participants in the 
desister and control groups showed increased activity in dlPFC and ACC 
for positive relative to neutral and negative feedback, whereas ACC 
activity correlated most strongly with inhibiting noise blasts in the 
desisting trajectory group. Together, these findings provide novel in
sights in similar and dissociable patterns of brain activity that suggest 
differences between various subgroups in how people process social 
information, and preliminary insights in whether and how they adapt 
their behavior accordingly in social situations during development. 

Research on antisocial behavior is building an increasingly detailed 
picture of the etiology and maintenance of aggressive behavior 
throughout development (Moffitt, 2018). Although aggressive behavior 
in social contexts has been well characterized in childhood and 
adolescence (Achterberg et al., 2017, 2018, 2020; Bertsch et al., 2020), 
far less is known about such behavior in early adulthood, particularly in 
high-risk groups (Bertsch et al., 2020) – even though this developmental 
period may be a crucial period for the (dis)continuity of antisocial 
behavior (Hyde et al., 2018; Monahan et al., 2009). This study used a 
social aggression paradigm that combined social feedback with the 
possibility to retaliate by pressing a noise blast (Achterberg et al., 2016; 
Chester et al., 2014). As expected, noise blasts were longer following 
rejection feedback, shorter for neutral and shortest for positive feed
back, replicating prior findings (Achterberg et al., 2016). Interestingly, 
this pattern was not different between the persisting, desisting and 
control subgroups, showing that the basic retaliation response is 
observed in participants with and without a history of antisocial 
behavior. Yet, the overall noise blast duration correlated with individual 
differences in psychopathic traits. More specifically, Grandiose- 
Manipulative and Impulsive-Irresponsible traits, as well as the total 
YPI score, were positively associated with noise blast duration. These 
findings are consistent with prior studies showing positive associations 
between (subdimensions of) psychopathic traits and reactive aggression 
(Blais et al., 2014). This pattern also speaks to prior studies noting that a 
dimensional approach can provide a more sensitive index compared to a 
categorical approach of DSM diagnoses (Garvey et al., 2016). However, 
it should be noted that these associations between psychopathic traits 
and reactive aggression were small in size, and no longer significant 
when correcting for multiple testing, or when social feedback was added 
to the ANOVA model, signaling that future research is warranted to 
better understand how social context influences the link between psy
chopathy and aggression (Brennan et al., 2018; Van Baardewijk et al., 
2009). In addition, the similarity in behavioral patterns between groups 
raises the question whether future studies should employ stronger social 
context manipulations that result in more pronounced differences be
tween groups. 

Examining the neural basis of information processing can provide a 
better understanding of underlying neural responses that cannot always 
be observed at the level of behavior. Indeed, this study replicated the 
neural pattern observed in prior studies showing that feedback that 
signals acceptance or rejection leads to increased activity in the Insula 
and ACC (Dalgleish et al., 2017), possibly indicating higher saliency for 

Table 3 
MNI coordinates of local maxima activated the contrasts (1) “Positive > Nega
tive”, (2) “Positive > Neutral” and (3) “Positive > (Negative + Neutral) during 
the noise blast event for the Social Network Aggression Task. Results were FDR 
cluster-corrected using p < 0.001. The reversed contrasts did not result in sig
nificant effects. See https://neurovault.org/collections/THUHIXAC/ for a full, 
unthresholded overview of activation.  

Area of activation MNI Coordinates Test 
statistic 

Cluster 
Size  

x y z T  

Positive > Negative (during Noise 
Blast)      

Occipital_Sup_L − 14 − 78 − 2 6.56 12,184 
Frontal_Inf_Oper_L − 56 4 24 5.61 4404 
Frontal_Mid_R 42 6 54 5.05 968 
Frontal_Inf_Oper_L − 40 28 34 4.79 793 
Putamen_L − 38 − 16 10 4.11 324 
Positive > Neutral (during Noise 

Blast)      
Calcarine_R − 2 70 8 5.47 2859 
SupraMarginal_L − 42 − 50 36 4.64 509 
Angular_R 46 − 58 46 4.44 466 
Positive > Negative + Neutral 

(during Noise Blast)      
Cerebelum_6_L − 10 − 76 − 2 6.45 9551 
SupraMarginal_L − 44 − 52 40 5.23 2711 
Frontal_Mid_R 42 6 54 5.10 1247 
Fusiform_L − 46 − 66 − 8 5.01 307 
Frontal_Inf_Oper_L − 40 30 34 4.61 495 

Note: Names were based on the aal toolbox in SPM. For functional regions dis
cussed throughout the paper, both the aal label and functional label (between 
brackets) are displayed. 
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feedback that has valence information (Dalgleish et al., 2017; Eisen
berger et al., 2011), or increased monitoring of such socially salient 
cues, which facilitates updating and selecting appropriate action plans 
(Puiu et al., 2020). As predicted, we observed that the subgroups 
differed in neural responses to feedback, although this was observed at 

the level of general feedback processing and was not valence specific. 
That is, individuals with a persisting and desisting antisocial trajectory 
showed higher activity overall in the Insula to all types of social feed
back, relative to the control group. Possibly, this exaggerated activity 
indicates increased salience of social cues in these groups, and/or 
increased allocation of processing resources to self-relevant and moti
vational social information (Baskin-Sommers and Newman, 2014; Perini 
et al., 2018; Puiu et al., 2020). These findings fit with earlier studies 
showing that antisocial behavior is associated with altered anterior 
Insula function and structure (Dugré et al., 2020; Noordermeer et al., 
2016). However, evidence on the direction of this alteration is currently 
inconclusive, given that other functional studies tend to find anterior 
Insula hypoactivity during emotional processing in antisocial pop
ulations (Dugré et al., 2020), rather than hyperresponsiveness. Possibly, 
the direction of these anterior Insula effects may be context-dependent, 
contingent on whether the social cues are self-relevant and require a 
behavioral response (Perini et al., 2018). Our finding that increased 
anterior Insula activity during social feedback processing seems specific 
to individuals with a history of antisocial behavior also raises the 
question whether this neural sensitivity is already apparent early in 
development, whether it arises as a consequence of repeated antisocial 
behavior, repeated negative social interactions, or a combination. As 
such, future research should investigate when and how environmental 
factors and social interactions shape neural sensitivity to social feedback 
in populations who display early-onset antisocial behavior during 
different developmental stages (Ellis et al., 2011; Foulkes and Blake
more, 2018; Muscatello et al., 2020; Schriber and Guyer, 2016). 

A novel finding that was not predicted in the pre-registration was 

Fig. 6. (A) Whole brain regression conducted at the group level for the contrasts Positive vs. Negative feedback. (B) dlPFC parameter estimates during the noise blast 
event. There was a significant interaction effect between condition and group. (C) ACC parameter estimates during the noise blast event. (D) Difference scores in ACC 
activity (Negative > Positive feedback) and noise blast duration (Negative > Positive feedback). 

Table 4 
MNI coordinates of local maxima activated the contrast “Negative > Positive” 
for the Whole brain regression Social Network Aggression Task. Results were 
FDR cluster-corrected using p < 0.001. The reversed contrasts “Positive >
Negative” did not result in significant effects. See https://neurovault.org/co 
llections/THUHIXAC/ for a full, unthresholded overview of activation.  

Area of activation MNI Coordinates Test 
statistic 

Cluster 
Size  

x y z T  

Negative > Positive During 
Noiseblast      

Cuneus_L − 12 − 86 2 7.66 9647 
Putamen_R 24 − 10 2 5.01 242 
Parietal_Sup_R 50 –32 54 4.81 232 
Supp_Motor_Area_R 0 − 4 68 4.75 232 
Cingulum_Ant_R − 6 30 26 4.67 371 
Caudate_L − 10 4 4 4.37 221 

Note: Names were based on the aal toolbox in SPM. For functional regions dis
cussed throughout the paper, both the aal label and functional label (between 
brackets) are displayed. 
Note: Names were based on the aal toolbox in SPM. For functional regions dis
cussed throughout the paper, both the aal label and functional label (between 
brackets) are displayed. 
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that the individuals with a desisting trajectory recruited the dlPFC more 
strongly during general feedback processing, relative to control and 
persisting subgroups. Possibly, this increased activity in the desister 
group reflects increased attention to changing task demands (i.e., to 
context-dependent changes in feedback presentation between trials), 
which supports subsequent top-down cognitive control or emotion 
regulation by preparing response maintenance, selection or inhibition 
(Niendam et al., 2012). In line with this idea, dlPFC activity during 
feedback processing in the desister group was highest during positive 
feedback, compared to neural and negative feedback. Together with the 
notion of structural and functional dlPFC impairments in antisocial 
populations (Yang and Raine, 2009), our finding suggests that increased 
dlPFC activity may play a role in desisters’ ability to successfully adapt 
their responses and refrain from aggression and other forms of antisocial 
behavior. However, as of yet, it remains unclear whether this increased 
dlPFC activity underlies successful behavioral adaptation itself, or re
flects increased effortful control which is initiated by desisters after 
learning that aggressive, retaliatory behavior may not be an optimal, 
socially adaptive strategy. Future studies may employ transcranial 
magnetic stimulation (TMS) to further test whether the dlPFC is indeed 
causally involved in behavioral adaptation, and whether altering dlPFC 
function in individuals with persistent antisocial behaviors may help 
them to successfully adapt their behavior. 

A final exploratory focus concerned the neural correlates of deliv
ering the noise blast following positive, neutral and negative feedback. 
Direct comparisons revealed increased activity in the dlPFC and ACC 
specifically for positive feedback (in the desister and control groups, but 
not in the persister group) which is the condition where the participants 
gave the shortest noise blasts. This observation led to the hypothesis that 
these regions may be involved in the inhibition of retaliation following 
positive feedback (Brockett et al., 2020; Crew et al., 2021; van Heuke
lum et al., 2021). Whole brain regression analyses confirmed that suc
cessfully being able to regulate aggression after social acceptance was 
associated with increased activity in the ACC and dorsal striatum 
(caudate and putamen) during retaliatory responses. Our findings fit 
with earlier studies showing a negative association between retaliation 
and ACC activity (Alegria et al., 2016; Gavita et al., 2012; Krämer et al., 
2007; Yang and Raine, 2009) and dorsal striatal activity during retal
iatory responses (Kose et al., 2015; Krämer et al., 2007; Lotze et al., 
2007), corroborating that these areas are important for adaptive 
behavioral control of retaliatory responses in a social context (Brockett 
et al., 2020; Crew et al., 2021; van Heukelum et al., 2021; Bertsch et al., 
2020; Grahn et al., 2008). Moreover, the cluster we identified in the ACC 
was also similar to the dorsal-frontomedial cortex area that has been 
implicated in the voluntary, intentional inhibition of actions (Filevich 
et al., 2012), which was confirmed through visual inspection. Interest
ingly, our findings further revealed the negative association between 
aggression following positive feedback and activity in the ACC and 
dorsal striatum during retaliation was stronger in desisters, compared to 
controls and persisters. Together, these findings point towards a possible 
adaptive behavioral control mechanism that enables adolescents to de
sist from antisocial behavior in early adulthood (Bersani and Doherty, 
2018; Bertsch et al., 2020; Krämer et al., 2007; Moffitt et al., 2002), 
albeit one that requires significantly more effort to adjust behavior 
compared to individuals without a history of antisocial behavior. 

Finally, our finding that the persistent antisocial behavior group did 
not show these patterns suggests that they may be less motivated to 
adapt their behavior, possibly because affiliative and prosocial behavior 
is not rewarding for them (Foulkes et al., 2014), or they have failed to 
learn to inhibit aggressive responses, due to problems in stimulus- 
reinforcement learning and response outcome learning (e.g. cf. 
Violence Inhibition Mechanism (VIM; Blair, 1995, 2001, 2013)). Future 
research should further examine these possibilities, and investigate 
whether this is especially true in contexts that lack interpersonal signals 
that cue distress in others (Blair, 1995; Van Baardewijk et al., 2009). 

5. Limitations and future directions 

Although the current study has many strengths, including a relatively 
large sample with varying risk of severe antisocial behavior, and 
assessment of social rejection and subsequent aggression within one 
experimental fMRI paradigm, and a combination of a dimensional and 
developmental group trajectory approach, the results should be inter
preted in the context of limitations. First, in both the antisocial groups 
(persisters and desisters), some individuals had (other) mental health 
problems and/or comorbidities (see Table S4 for more details). While 
such comorbidities are common in the population of interest (Nichita 
and Buckley, 2020), and our sample is thus representative in that sense, 
results should be interpreted with this in mind (Rappaport and Barch, 
2020; Simmons et al., 2008; Vetter et al., 2018). Likewise, we cannot 
rule out that our findings might be influenced by other differences in 
demographic characteristics between groups, such as gender or age. For 
example, even though all participants were in the developmental stage 
of early adulthood, participants in the control group were significantly 
younger than participants in the other groups. Second, the sub-sample of 
individuals with a persistent history of antisocial behavior was relatively 
small in size, which may have limited our power to detect significant 
effects. Third, while our aim was to test differences between people who 
persisted versus desisted in antisocial behavior regardless of age of 
onset, we acknowledge that age of onset is an important construct to 
understand the development of antisocial behavior, which should be 
taken into account in future studies. Although all participants in the 
persister and desister groups showed an early onset of antisocial 
behavior (indicated by the young age at which they committed a re
ported index crime), our sample (size) is not well suited to fully take this 
factor and possible differences between early vs. later onset into 
consideration. Fourth, the reliability of the Callous-Unemotional scales 
in both samples (controls and childhood arrestee cohort) was poor, 
which fits with earlier research suggesting that affective dimensions of 
psychopathy are difficult to accurately assess using self-report measures 
(Hillege et al., 2010; see also Cardinale and Marsh, 2020). Hence, while 
our study provides preliminary evidence for links between individual 
differences and social aggression, future work needs to replicate our 
findings using different types of assessments (Boonmann et al., 2015). 
Finally, in the current paper, we did not specifically examine hetero
geneity within persisting or desisting developmental trajectories. How
ever, recent studies indicate that while many people who desist from 
antisocial behavior show a positive social development, this is not al
ways the case (Moffitt et al., 2002). For instance, some people who desist 
might no longer show antisocial behavior, but nevertheless display 
abnormal social behavior, that is characterized by social isolation and 
internalizing problems (Moffitt et al., 2002; Carlisi et al., 2021). Future 
studies should try to further disentangle heterogenous patterns within 
persistent and desistent trajectories, and examine how the interplay 
between neural vulnerabilities and social interactions give rise to 
diverging patterns of social behavior in early adulthood (Carlisi et al., 
2021). 

6. Conclusion 

In conclusion, our study provides new evidence of both similar and 
dissociable patterns of neural activation in individuals with persisting 
and desisting antisocial trajectories in brain areas that signal socially 
salient and self-relevant information (Perini et al., 2018), including the 
bilateral Insula and ACC, and brain areas that are important for 
behavioral control, such as the dlPFC (Taber-Thomas and Pérez-Edgar, 
2015). Given that early adulthood is characterized by continuous neu
rodevelopment in brain areas that are important for adaptive social 
behavior, this study may help to unravel sensitivities that allow us to 
understand why children and adolescents desist from negative devel
opmental trajectories before they enter adulthood (Bersani and Doherty, 
2018; van Goozen and Fairchild, 2008). 
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