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Background: Early adulthood is a critical period when young men involved in antisocial 

behavior (AB) may desist. Factors including marriage and employment have been shown to 

predict desistance, but little work has examined whether biological factors (e.g., neural reactivity) 

predict deflections from life-long AB trajectories. Methods: We examined the continuity of, or 

desistance from, AB in early adulthood using group-based trajectories of AB across adolescence 

in a sample of 242 men from low-income, urban families. We examined contextual factors 

(romantic relationship quality, employment, neighborhood danger) and neural factors (amygdala 

reactivity to fearful faces, ventral striatum reactivity to reward) as moderators of the continuity 

of AB from adolescence (age 10–17) into early adulthood (age 22-23), and whether these 

pathways differed by race. Results: High relationship satisfaction and employment at age 20 

predicted decreased AB at age 22-23, but only among men with adolescent-onset/moderate AB 

trajectories. Ventral striatum reactivity predicted continued AB, but only among African-

American men with early-starting AB. Amygdala reactivity to fearful faces was related to later 

AB for those in the early-starting group, but in divergent directions depending on race: amygdala 

reactivity to fearful faces was positively related to AB in European-Americans and negatively 

related to AB among African-Americans.  Conclusions: Contextual factors only predicted 

deflections of AB in those engaged in late-starting, moderate levels of AB, whereas neural 

factors predicted continued AB only in those with early-starting, severe AB, and in divergent 

ways based on participant race. Though there is limited power to infer causality from this 

observational design, research on desistance broadly can contribute to informing personalized 

interventions for those engaged in serious adolescence AB. Keywords: Antisocial Behavior, 

Desistance, Conduct Disorder, Amygdala, Ventral Striatum  

 

Introduction 

Antisocial behavior (AB), which includes aggression and rule breaking, is a large public health 

concern because these behaviors are highly prevalent (>10% of teenagers) and confer negative 

financial and emotional consequences for victims and society (Foster & Jones, 2005; Nock, 

Kazdin, Hiripi, & Kessler, 2006). AB is fairly stable (Loeber, 1991), with stability correlations as 

high as .5 from ages 5 to 30 (Huesmann, Eron, Lefkowitz, & Walder, 1984). This stability belies 

the heterogeneity in course for AB, with a wealth of literature showing that, compared to youth 

who begin AB in adolescence, children with childhood-onset AB have more severe, stable, and 
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chronic AB into adulthood, as well as poorer health, social, and employment outcomes (Moffitt, 

2006; Moffitt, Caspi, Harrington, & Milne, 2002). Despite the stability of AB, a potential 

“turning point” for youth involved in AB is early adulthood (Laub & Sampson, 1993). During 

the early 20s, social contexts change dramatically with increases in independence, autonomy, 

and responsibility. For some youth, increased autonomy can further entrench the individual into 

a life of crime. However, for others, this period may present opportunities to change behavioral 

trajectories (Chung, Little, & Steinberg, 2005).  

 Research during early adulthood suggests that changes in context, such as those brought 

about by the presence of positive romantic relationships and employment, may promote 

desistance from AB, potentially by engaging the emerging adult in productive, supportive 

relationships that increase time spent in prosocial activities (Burt et al., 2010; Laub, Nagin, & 

Sampson, 1998; Laub & Sampson, 1993). Conversely, research suggests that negative contexts, 

such as living in a deprived neighborhood, may impede efforts to desist (Foster & Brooks-Gunn, 

2013). Identifying factors that predict deflections of earlier trajectories of AB can help to inform 

interventions and juvenile justice policy (Mulvey et al., 2004). However, few studies have 

examined whether these factors are similarly protective across race, especially given that 

African-American men face many unique structural and contextual challenges compared to 

European-American men that may undermine attempts to desist (Mays, Cochran, & Barnes, 

2007; Mulvey et al., 2010). Thus, the first aim of the present study was to examine whether 

promotive contextual factors at age 20 predicted changes in the trajectory of AB across 

adolescence to AB in early adulthood (age 22-23) in European- and African-American young 

men raised in low-income, urban environments, and whether race moderated these effects.  

 In addition to contextual factors, identifying person-level predictors of desistance can 

inform personalized interventions. An important potential person-level predictor of desistance 

versus persistence is variation in neural reactivity, but little work has examined neural factors as 

longitudinal predictors of desistance from (or persistence of) AB. Reactivity of the amygdala, 

particularly to social signals of distress (fearful faces), and reactivity of the ventral striatum (VS) 

to reward have been central to etiological theories of AB (Blair, Leibenluft, & Pine, 2014; Hyde, 

Shaw, & Hariri, 2013). Disruptions in cortiolimbic and cortiostriatal systems are thought to 

explain why those engaging in AB show less fear and empathy towards victims (amygdala 

dysfunction) and why those high on AB show a reward-dominant behavior style (VS dysfunction) 
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(Blair et al., 2014; Hyde et al., 2013). In support of these theories, increasing numbers of studies 

have linked amygdala reactivity and VS reactivity to AB cross-sectionally (Buckholtz et al., 

2010; Hyde et al., 2013; Viding, Sebastian, et al., 2012). In the current sample, lower amygdala 

reactivity to fearful faces and lower VS reactivity to reward are related to greater concurrent AB 

at age 20 (Hyde et al., 2016; Murray, Shaw, Forbes, & Hyde, 2017). However, reactivity in these 

neural regions may be important, not just to understanding the onset and maintenance of AB, but 

also to understanding desistance from AB, particularly among those with the most severe AB. In 

fact, a recent “neuro-prediction” study showed that neural reactivity predicted future re-arrest (vs. 

desistance) in an incarcerated sample (Aharoni et al., 2013). Thus, the second aim of the current 

study was to examine whether variation in amygdala reactivity to fearful faces and VS reactivity 

to reward, predicted changes in pathways from adolescent trajectories of AB to later AB during 

early adulthood.  

 The overall goal of the present study was to examine contextual and neural factors that 

predict desistance, by examining whether these factors predicted deflections from trajectories of 

AB across adolescence (low, late-starting, and early-starting) to AB at age 22-23. As each of the 

contextual and neural factors examined in this study have been previously shown to increase risk 

for AB or decrease the probability of desistance, we hypothesized that young men living in 

dangerous neighborhoods, who were unemployed, without a satisfying relationship, and who 

exhibited lower amygdala reactivity to threat and lower VS reactivity to reward would show 

persistent AB from adolescence to early adulthood. In contrast, we hypothesized that living in a 

safer neighborhood, being employed, having a satisfying romantic relationship, and neural 

profiles marked by less risk for AB, would predict desistance from AB. Moreover, given theories 

that adolescent-onset AB trajectories may be more malleable (Moffitt, 2006) and, in contrast, 

that brain-behavior relationships may vary by the severity of psychopathology (Plichta & 

Scheres, 2014), we hypothesized that predictors of desistance would vary by AB trajectory group. 

However, given the lack of literature from studies that have explored desistance among youth 

with adolescent-onset AB, we considered it this an exploratory hypothesis. We examined these 

questions among a sample of racially diverse men followed since early childhood, who grew up 

in low-income, urban families, so that we could examine how these processes unfold in a context 

risky for AB. Moreover, we examined whether AB desistance versus persistence would differ 

between European- and African-American youth based on the additional stressors faced by 
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African-American youth which may impede the protective effects of promotive contextual 

factors. Given recent findings from the current sample showing that the relationship between 

neural reactivity and concurrent AB were moderated by race (Hyde et al., 2016), but with no 

prior research to guide these analyses, we also considered moderation of these pathways by race 

to be exploratory.  

 

Methods 

Participants 

Participants were part of the Pitt Mother & Child Project, an ongoing longitudinal study of 310 

low-income boys and their families (Shaw, Hyde, & Brennan, 2012). Target children and 

mothers were seen almost yearly from age 1.5–23. Assessments included questionnaires, 

interaction tasks, clinical interviews, and an fMRI scan at age 20. Most visits were in the home 

or lab, except for data collected at age 16 and 23, which were via a phone interview. Attrition to 

the age 22 and 23 visits was low for such a long-term study (252 participants, 81%, at age 22). 

However, the fMRI component at age 20 introduced several sources of data loss resulting in a 

sample size of 167 for the emotional faces task and 144 for the reward reactivity task 

(Supplemental Appendix S1, Supplemental Tables S1. & S2.). Participants provided informed 

consent, were reimbursed after assessments, and procedures were approved by the University of 

Pittsburgh IRB. 

 

Behavioral measures 

Self-reported AB. To assess self-reported AB, we used the Self-Report of Delinquency 

Questionnaire (SRD; Huizinga & Elliott, 1986), which was administered from ages 10–20 

containing age-appropriate items (33 items for ages 10–12, 62 items for ages 15–17, and 53 at 

ages 22 and 23; see Hyde et al., 2015). During adulthood, we removed 14 items relating to drug 

use to create a measure of AB that was not influenced by substance use (age 22, α=.80; age 23, 

α=.85). We also used the 7 item AB subscale of Self-Report Psychopathy Short-Form (SRP-SF) 

(Gordts, Uzieblo, Neumann, Van den Bussche, & Rossi, 2017) that was administered at age 22 

(see Dotterer et al., 2016).  
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Antisocial personality disorder symptoms (age 22). To assess clinically meaningful AB at age 22, 

symptoms of Antisocial Personality Disorder (APD) were assessed and summed using the SCID-

II (First, Gibbon, Spitzer, & Benjamin, 1997) (for more details see Hyde, Burt, Shaw, Donnellan, 

& Forbes, 2015; Shaw et al., 2012).  

 

Adolescent trajectories of AB (ages 10 – 17). Within a previous study in this sample (Shaw et al., 

2012), SRD scores at ages 10, 11, 12, 15, 16, and 17 were used to create trajectory groups using 

semi-parametric group-based mixture modeling with Proc Traj in SAS 9.2 (Jones, Nagin, & 

Roeder, 2001). These analyses yielded 4 distinct groups: low (n=171; 63%), late-

starting/moderate (n=54; 20%), early high/late “desisting” (n=15; 6%), and early increasing/high 

(n=28; 10%). These groups have been used in multiple studies in this sample and have 

discriminated court involvement and clinical diagnoses of conduct disorder at age 17, and APD 

and substance use at age 20 (Hyde et al., 2015; Shaw et al., 2012). Consistent with all prior work 

in this sample, we combined the “early high/late desisting” group with the “increasing/high” 

group to create a “high” group representing child-onset AB. We have consistently combined 

these groups because the “early high/late desisting” group was relatively small and this group 

had similar levels of antecedent risk across childhood and similar levels of AB at age 20 as the 

“early increasing/high” group (Hyde et al., 2015; Shaw et al., 2012). Moreover, boys in this 

“early high/late desisting group” self-reported as being highest on being “good at telling lies 

others believe” during adolescence and over 60% had juvenile court involvement, suggesting 

that they were involved in meaningful levels of AB across adolescence. Additionally, at ages 22-

23, these two groups reported the same levels of AB across all 4 measures of AB (all ps>.15). 

Thus, we concluded that the indication of “desistance” in adolescence in this group actually 

reflected under-reporting of AB during late adolescence. Accordingly, in the current study, we 

examined three adolescent AB trajectory groups: low (n=162; 67%), late-moderate (n=48; 20%), 

and high (n=32; 13%), which also reflect the main groups identified in most longitudinal studies 

of AB across adolescence (Moffitt, 2006). Given our interest in examining moderation by race, 

we focused on two specific racial groups that had the highest representation in the sample: 

European-American and African-American and included the 242 participants who were 

originally included in AB trajectories construction (Shaw et al., 2012) and reported belonging to 

one of these racial groups.  
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Moderating variables 

Contextual factors (age 20). First, we examined neighborhood dangerousness

Shaw et al., 2012

 using the 14-item 

dangerousness scale from the Me and My Neighborhood questionnaire that assesses perceptions 

of different facets of neighborhood quality (α=.89) ( ). Second, we 

examined relationship satisfaction

Norton, 1983

 using 5-items from the Quality of Marriage Index (α=.96; see 

Supplemental Appendix S1. for items) ( ). If males were not in a relationship, they 

were assigned a 0 as their score for relationship satisfaction (findings remained when treating no 

relationship as “missing”). Note that we coded the variable in this way as our goal was to 

examine both the presence of a romantic partner (based on research showing the simple presence 

of a romantic relationship as protective: Burt et al., 2010) and whether this relationship was 

positive (based on research highlighting the importance of the relationship being positive: Laub 

et al., 1998). Third, we examined employment

 

 assessed via a demographic interview (i.e., 

employed part-time or full-time vs. unemployed).  

Neural factors (age 20). Amygdala reactivity to fearful faces

Hariri, Tessitore, Mattay, Fera, & Weinberger, 2002

 was measured using an emotional 

faces task with four blocks of perceptual face processing interleaved with five blocks of 

sensorimotor control ( ), previously shown to 

correlate with AB cross-sectionally in this sample (Supplemental Appendix S1; Hyde et al., 

2016).  VS reactivity to reward anticipation

Forbes et al., 2009

 was measured using a slow event-related card-

guessing game that elicits large effects in the VS ( ; Forbes, Shaw, & Dahl, 

2007). We focused on reward anticipation, which has been previously shown to correlate with 

AB in this sample (Supplemental Appendix S1; Murray et al., 2017). 

As described previously (Hyde et al., 2016), blood oxygenation level–dependent (BOLD) 

functional images were acquired on a Siemens 3-T Trio scanner using gradient-echo echoplanar 

imaging. Preprocessing, artifact detection, and evaluation of signal coverage in regions of 

interest were completed using SPM8 (http://www.fil.ion.ucl.ac.uk/spm/; Supplemental Appendix 

S1.). Linear contrasts employing canonical hemodynamic response functions were used to 

estimate condition-specific BOLD activation for individuals. Individual contrast images were 

used in second-level random effects models to determine both mean amygdala reactivity to 

fearful faces (versus shapes) and VS reactivity to anticipation of reward (versus baseline) using 
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one-sample t-tests. Contrast specific BOLD parameter estimates were extracted for use in MPlus 

v7.2 from activated clusters within an anatomically defined regions of interest in the bilateral 

amygdala (AAL  atlas) (Gard et al., 2017) and VS (PickAtlas v2.4: two 10-mm spheres around 

+/-12, 12, −10) (Murray et al., 2017).  

 

Covariates. We controlled for maternal education and family income based on a demographic 

interview at 18 months, and explored race (European-American vs. African-American) as a 

moderator. 

 

Analytic strategy  

Aim 1: Examine how membership in adolescent AB trajectory groups predicts the AB outcomes 

at ages 22-23. Using confirmatory factor analysis, we established that the four measures of AB 

at ages 22-23 formed a single latent construct of AB (Supplemental Figure S1.). We tested the 

longitudinal relationship between adolescent AB groups and AB at ages 22-23 using a 

MANCOVA model in SPSS v24 with Bonferroni-corrected post-hoc t-tests, as well as with the 

same dummy-coded structural equation path model used in all other analyses (see below).  

 

Aim 2: Examine how different contextual and neural factors moderate the stability of adolescent 

AB trajectory groups to AB factor scores at ages 22-23. We ran two models to examine the 

interacting effects of the contextual and neural domains using Mplus v7.2 (Muthén & Muthén, 

2014).  We used full information maximum likelihood estimation with robust standard errors 

(MLR) which allows for analysis with missing data (final N=242 for all analyses) and which 

provides estimation with less assumptions about the normality of the data than ML estimation 

(e.g., it can accommodate data that is not normally distributed/with skew). For each domain, we 

specified a model with the latent AB factor at ages 22-23 as the dependent variable. The 

independent variables were the main effects of being in the high or late-moderate AB groups (i.e., 

dummy codes relative to the low group), each contextual or neural factor, and the interaction 

between AB group membership and these moderators (Supplemental Figure S2.). Significant 

interactions were examined using simple slope and region-of-significance analyses using an 

online tool (Preacher, Curran, & Bauer, 2006). Moreover, we follow recommendations for the 

transparent reporting of interactions (Roisman et al., 2012; Widaman et al., 2012) by reporting 
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the amount of data coverage in regions of significance analyses (i.e., we report the number of 

participants whose score was in the significant region of the interaction).  

 

Results 

Descriptive statistics and bivariate correlations between study variables are presented in 

Supplemental Table S3. (African-American participants) and Supplemental Table S4. 

(European-American participants).  

 

Do youth with early-starting and adolescent-onset AB across adolescence show continued AB 

during early adulthood?  

As shown in Supplemental Table S5. and Supplemental Figure S3., at age 22-23, men in the high 

and late-moderate adolescent groups showed significantly higher AB versus those in the low 

group. Men in the high group also demonstrated higher AB than those in the late-moderate group.  

 

Do contextual and neural factors moderate links between adolescent AB trajectories and early 

adult AB?  

Although we found main effects of group membership and contextual and neural factors on later 

AB (Tables 1–2), we concentrate our presentation of the Results only on significant interactions 

between group membership (i.e., evidence of deflections or exacerbations from risky AB 

trajectories).  

 

Contextual factors. First, we found a significant interaction between membership in the late-

moderate group and employment (Table 1). Employment was specifically protective for those in 

the late-moderate group, as those in the late-moderate group who were employed (n=28, 63% of 

the group reported data in the region of significance) showed significantly lower AB at ages 22-

23 than those in the late-moderate group who were unemployed (n=16, 36% of the group 

reported data in the region of significance) (Figure 1). Employment was not protective for those 

in the high group, but for those in the late-moderate trajectory employment predicted 20% less 

AB at age 22-23.  

Second, we found a similar interaction between relationship satisfaction at age 20 and 

late-moderate AB group membership (Table 1), whereby relationship satisfaction was protective, 
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but only for those in the late-moderate group (Supplemental Figure S4.). Regions of significance 

analyses showed that low levels of relationship satisfaction or not being in a relationship were 

related to higher AB for the late-moderate group (n=29, 67%), whereas greater relationship 

satisfaction was protective (n=13, 30%), predicting levels of AB as low as the low AB group.  

Finally, neighborhood danger did not moderate AB trajectories, nor did any pathways 

vary by race.  

 

Neural factors. We found that amygdala reactivity to fearful faces predicted later AB, but only in 

the high AB group and in divergent directions based on race (i.e., a 3-way interaction; Table 2). 

Among African-American males, lower amygdala reactivity was related to higher AB, but only 

among those who were in the high AB group (Figure 2; Supplemental Table S6.). The regions of 

significance showed that low amygdala reactivity to fear predicted greater AB in the high group 

(< .15, though n=3 in the region of significance) and, though regions of significance implied that 

high amygdala reactivity (> .75) was protective for the high AB group, no participants had scores 

in this range. In contrast, among European-American participants in the high group, having 

higher amygdala reactivity was related to more AB at ages 22-23 (> -.04, n=7). Although regions 

of significance implied that having very low amygdala reactivity was protective (below -.59), no 

participants had valid scores in this range in the high AB subsample.  

Finally, we found a significant three-way interaction between the high AB group, race, 

and VS reactivity to reward. Among African-American participants in the high AB group, lower 

reward-related VS reactivity predicted more AB at ages 22-23 (< 0.11, n=5). There was no 

“protective” level of VS reactivity to reward for African-American men in the high AB group, 

and no significant relationships in the European-American men (Figure 3).  

 

Discussion 

By combining rich measures of context and neural reactivity during socioemotional and reward 

processing in a longitudinal sample of 242 young men, we identified factors that predicted 

deflections from the continuity in AB from adolescence to early adulthood. Specifically, we 

found that relationship satisfaction and employment were potentially important protective factors 

for men who had followed an adolescent-onset trajectory of AB (late-moderate group). In 

addition, neural reactivity to fearful faces was a predictor of AB pathways for men in the high, 
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early-starting AB trajectory group in divergent directions depending on race: For African-

Americans, greater amygdala reactivity to fearful faces was protective, whereas for European-

Americans, greater reactivity predicted increased AB. Finally, lower VS reactivity to reward 

predicted increased AB, but only for African-American men in the high AB trajectory group. 

These results highlight the utility of examining both contextual and neural variables as factors 

that may promote persistence or desistance of AB into young adulthood.  

 

Contextual factors 

Two well-researched factors associated with desistance, the presence of a positive romantic 

relationship and employment, predicted desistance from AB, but only for those with adolescent-

onset AB (i.e., late-moderate group). Thus, these factors may be more effective for young men 

with less entrenched AB. It is important to note that we examined perceived relationship quality, 

not marriage which was the focus of past studies (Burt et al., 2010; Laub et al., 1998). Thus, for 

the more severe, high AB group a more formalized, long-term relationship (e.g., marriage) may 

be necessary to promote desistance. Additionally, it could be that early-starting trajectories are 

more intractable and less malleable in the face of positive relationships (Moffitt, 2006, 2018). Of 

course, one alternate interpretation, given the use of a self-report measures of relationship quality, 

is that early (versus late) starters may have different biases in their reporting of relationship 

quality. Similarly, it is possible that later-onset delinquents who have higher intelligence and 

more adaptive personal characteristics are able to both desist from crime and enter into good 

social relations and employment. Thus, desisting and forming social bonds may not be related 

causally; a key limitation to our observational design. Importantly however, these findings did 

not vary by race, suggesting that a positive romantic relationship and employment predicts 

outcomes similarly regardless of the unique risk factors (e.g., discrimination) faced by African-

American men.  

 

Neural factors 

When examining neural reactivity to fearful faces, we found that greater amygdala reactivity 

increased the likelihood of persistence in the high AB group among European-American men, 

whereas for African-American men, lower amygdala reactivity predicted persistence. The 

dramatic divergence across race is consistent with previous work in this sample (Hyde et al., 
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2016), where we found that cross-sectional relationships between lower amygdala reactivity to 

fearful faces and AB were strongest among African-American participants. Because the task 

presents African-American men with faces of people who appear to be of European origin, we 

have interpreted our findings as consistent with research suggesting that amygdala reactivity to 

emotional faces may vary dramatically to in-group versus out-group members (Hart et al., 2000; 

Phelps et al., 2000). Thus, our findings suggest that, at this critical developmental juncture, the 

extent to which European-American men with long histories of AB are hyper-reactive to distress 

in members of their in-group, predicts their continued persistence in AB, whereas for African-

American men, lower reactivity to distress in out-group members predicts persistence.  

 Although our goal was to examine neural reactivity as a statistical moderator, based on 

the categorical nature of the trajectory groups, we graphed the interactions with neural reactivity 

on the x-axis (rather than as the grouping variable). This approach also clarifies that among 

African-American participants, amygdala reactivity to fearful faces is negatively correlated with 

AB within the high AB group. Whereas the direction of this relationship is consistent with past 

work in this sample (Hyde et al., 2016), it contrasts with much of the previous literature that has 

linked AB to greater amygdala reactivity (at least when not accompanied by high levels of 

callous-unemotional traits which were not related to amygdala reactivity in this sample) (Hyde et 

al., 2013; Viding, Fontaine, & McCrory, 2012). However, few previous studies have examined 

race as a moderator and most have examined extreme, clinical samples with participants of 

European-origin. Our current findings suggest that, consistent with the literature, amygdala 

reactivity to fearful faces may be positively related to AB, but only in individuals of European 

descent with severe AB, which likely matches the sample composition of several previous 

studies in this area (e.g., Viding, Sebastian, et al., 2012).  

 

Limitations 

The current study had several strengths, including a relevant, well-characterized sample at high 

risk for AB followed prospectively from early childhood, use of contextual and neural measures, 

assessment of adolescent trajectories of AB to examine desistance, and prospective neuro-

prediction of later AB. However, several important limitations merit consideration: First, the 

sample is composed of young men from low-income, urban families; findings may not generalize 

to other populations. Second, although our sample is relatively large for a neuroimaging study, 
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we found relatively small cell sizes for specific trajectories of AB as moderated by race (though 

on par with many clinical neuroimaging studies of AB) and did have substantial attrition with 

respect to the neural measures. These smaller cell sizes may have limited our power to detect 

smaller effects (Dawson & Richter, 2006), particularly given the difficulties in detecting small to 

medium interaction effects in samples smaller than 500 participants (McClelland & Judd, 1993). 

Third, we found a relatively small number of participants with data within the regions of 

significance for several of the interactions. We highlight the limited data coverage through the 

use of transparent reporting approaches that are highly recommended (Roisman et al., 2012; 

Widaman et al., 2012), though rarely used, when reporting results from interaction models. Thus, 

while our findings were consistent with the hypotheses, the results should be seen as exploratory 

and must be replicated in larger samples. Of course, the challenge to replication is that few 

current datasets include a larger sample size with neuroimaging and longitudinal data across 

adolescence with greater power to test the current hypotheses (although see the forthcoming 

ABCD study); a point highlighted in a recent review of AB trajectories (Moffitt, 2018). Fourth, 

we examined the brain as a statistical moderator versus the brain as a predictor of behavior. 

Although the amygdala and VS are implicated in the etiology of AB (i.e., as “predictors”), our 

study addressed whether individual variability in these circuits magnifies or buffers AB 

pathways once they are started (i.e., as “moderators” while controlling for the main effects of 

neural reactivity on AB). Relatedly, we use the term “moderators” through the paper in a 

statistical sense (i.e., an interaction term). However, only race meets true definitions of a 

moderator (e.g., our moderators were not measured at baseline, are not uncorrelated with 

independent variables: Chmura Kraemer, Kiernan, Essex, & Kupfer, 2008; Kraemer, Stice, 

Kazdin, Offord, & Kupfer, 2001). Factors such as marriage, employment, and neural reactivity 

are all likely influenced by the past trajectory of AB and the contextual factors that predict 

trajectories of AB.  Moreover, these factors change over time. Thus, although we selected factors 

that chronologically appeared between adolescent trajectories of AB and the later outcome of AB 

in early adulthood, these “turning points” should be seen as varying factors that may “predict” 

desistance in the statistical and descriptive sense and may not be stable, causal factors.  
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In sum, our study addresses a novel question about how both contextual and neural factors 

predict the potential for desistance in high-risk males transitioning into early adulthood. 

Contextual factors appeared to be important in predicting the desistance of youth with moderate 

and late-onset AB, whereas neural factors related to the cortiolimbic and corticostriatal circuits 

predicted both desistance and persistence among those in early-starting trajectories of AB. The 

results bridge findings across social and biological approaches and highlight the potential to 

identify who and why some individuals are at most risk for chronic AB.  
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Figure S1. Confirmatory Factor Analysis model to derive latent antisocial behavior factor at 

ages 22 and 23. 

 

Figure S2. Structural equation modeling framework to explore main and interactive effects of 

adolescent AB group membership, race, and contextual or neural factors on later AB at ages 22-

23. 

Figure S3. Structural equation model examining the effects of being in the high stable and late-

onset adolescent AB groups on later antisocial behavior outcomes in early adolescence relative 

to a low adolescent AB group. 

 

Figure S4. Greater relationship satisfaction is protective against persistent antisocial behavior 

among males with late-increasing antisocial behavior trajectories in adolescence. 

 

 

Acknowledgements 

This research was supported by grants R01 MH050907, R01 MH01666, and K05 DA25630 to 

DSS, and R01 DA02622 to DSS and EEF. LWH was supported by NSF 12-614 and RW was 

supported by T32 AA007477-24A1. The authors are grateful to the work of the staff of the Pitt 

Mother & Child Project for their many years of service, and to our study families for sharing 

their lives with us and making the research possible. The authors have declared that they have no 

competing or potential conflicts of interest. 

 

Correspondence 

Luke W. Hyde, Department of Psychology, 2229 East Hall, 530 Church Street, University of 

Michigan, Ann Arbor, MI 48109, USA. Email: 

 

lukehyde@umich.edu 

 

Key Points: 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t

mailto:lukehyde@umich.edu�


DEFLECTIONS FROM ANTISOCIAL BEHAVIOR - 16 

 

This article is protected by copyright. All rights reserved 

• Contextual factors (e.g., marriage, employment) have been shown to predict desistance in 

antisocial behavior in early adulthood, but little work has also examined neural factors 

that predict desistance 

• Relationship quality and employment predicted decreased antisocial behavior in 

adulthood, but only for men who were in moderate/adolescent-onset trajectories of 

antisocial behavior 

• Amygdala reactivity to fearful faces predicted increased antisocial behavior, but only 

among men with early onset/high trajectories of antisocial behavior and in divergent 

ways based on participant race 

• Lower ventral striatum reactivity to reward predicted increased antisocial behavior, but 

only among African-American men with early-onset trajectories of antisocial behavior  
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Table 1. Main and Interactive effects of adolescent AB groups and contextual factors at age 20 

on AB at ages 22-23 

 

 AB (ages 22-23) 

 B  SE β 

Covariates 

Race -0.01 0.10 -0.01 

Income  0.07 0.06 0.07 

Mother Education  0.01 0.06 0.01 

Main Effects of adolescent AB group and contexts 

Late-moderate vs. Low 0.25 0.14 0.25† 

High vs. Low 0.54 0.24 0.54* 

Employment  0.01 0.10 0.01 

Relationship Satisfaction  0.14 0.11 0.14 

Neighborhood Danger 0.20 0.13 0.20 

Two-way interactions probing contextual moderators and race 

Late-moderate × Race 0.03 0.18 0.03 

High × Race 0.19 0.28 0.19 

Employment × Race -0.06 0.11 -0.06 

Relationship Satisfaction × Race -0.07 0.09 -0.07 

Neighborhood Danger × Race -0.01 0.11 -0.01 

Late-moderate × Employment -0.26 0.11 -0.26* 

High × Employment -0.21 0.18 -0.21 

Late-moderate × Relationship Satisfaction -0.30 0.15 -0.30* 

High × Relationship Satisfaction -0.12 0.27 -0.12 

Late-moderate × Neighborhood Danger -0.03 0.16 -0.03 

High × Neighborhood Danger -0.15 0.23 -0.15 

Three-way interactions probing the effect of race  

Late-moderate × Employment × Race 0.12 0.18 0.12 

High × Employment × Race -0.18 0.28 -0.18 
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Late-moderate × Relationship Satisfaction × Race 0.12 0.10 0.12 

High × Relationship Satisfaction × Race 0.10 0.14 0.10 

Late-moderate × Neighborhood Danger × Race 0.01 0.15 0.01 

High × Neighborhood Danger × Race -0.02 0.19 -0.02 

Note. *** p < .001, **p < .01, *p < .05, †p<.10; N=242 

 

 

Table 2. Main and interactive effects of adolescent AB groups and neural factors at age 20 on 

AB at ages 22-23 

 

 AB (ages 22-23) 

 B  SE β 

Covariates 

Race -0.37 0.17 -0.10* 

Income  0.00 0.00 0.03 

Mother education  0.02 0.05 0.01 

Main Effects of adolescent AB group and neural reactivity 

Late-moderate vs. low 0.08 0.32 0.02 

High vs. low 1.70 0.29 0.32*** 

Amygdala reactivity to fear  -0.74 0.34 -0.20 

vs reactivity to reward anticipation  0.30 0.55 0.05 

Two-way interactions probing neural moderators and race 

Late-moderate × race 0.56 0.40 0.10 

High × race -1.22 0.45 -0.15* 

Amygdala reactivity × race 0.62 0.36 0.12 

VS reactivity × race -0.85 0.64 -0.08 

Late-moderate × amygdala reactivity 0.94 0.50 0.12 

High × amygdala reactivity -5.29 0.94 -0.44*** 

Late-moderate × VS Reactivity -0.70 1.36 -0.05 

Three-way interactions probing the effect of race 
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High × VS reactivity -6.92 1.15 -0.28*** 

Late-moderate × amygdala reactivity × race -1.63 0.67 -0.15* 

High × amygdala × race 8.22 1.11 0.58*** 

Late-moderate × VS reactivity × race 1.18 1.88 0.05 

High × VS × race 7.78 1.80 0.21** 

Note. *** p < .001, **p < .01, *p < .05; N=242  
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Figure 1. Employment predicts desistance of AB particularly among males showing late-

moderate trajectories of AB across adolescence.  

 

Note. N=242. Significant between group contrasts all significant at p<.05 (Bonferroni corrected). Bars connected by 

a line are significantly different. See Supplemental Table S7. for individual estimates.  
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Figure 2. Differential effects of amygdala reactivity to threat on later AB among European-

American versus African-American males who showed high AB in adolescence  

A.  B.  

*** p<.001, *p<.05. N=242. Models controlled for income and maternal education. A. For African-American males 

who had high adolescent AB, there was a signficant inverse relationship between amygdala reactivity to fearful 

faces at age 20 and antisocial behavior at ages 22-23 (B= -2.79, SE=.80, β=.67, p<.001). The region of significance 

was for values of amygdala reactivity up to .15 and higher thant .75 (shown in grey shading). B. For European-

American males who had high adolescent AB, greater amygdala reactivity to fearful faces at age 20 was related to 

more AB at ages 22-23 (B=2.68, SE=.55, β=.86, p<.001). For European-American males who showed late-moderate 

AB in adolescence, lower amygdala reactivity to fearful faces at age 20 was protective against future AB (B=-.1.04, 

SE=.39, β=-.54, p<.01), although the interaction of being in the late-moderate group x amygdala reactivity to fear 

was only significant at a trend-leve, limiting what can be inferred from this significant slope (see Supplemental 

Table S7.).The region of significance was for values of amygdala reactivity below -.59 and above -.05 (shown in 

grey shading).  

 

 

Figure 3. Lower ventral striatum reactivity to reward is related to higher AB among African-

American males who showed high AB in adolescence  

A.  B.  
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Note. *p<.05. N=242. Model controlled for income and maternal education (see Supplemental Table S6.). A. For 

African-American males who showed high AB across adolescence, there were significant inverse relationships 

between VS reactivity to reward anticipation at age 20 and AB at ages 22-23 (B=-1.60, SE=.76, β=-.36, p<.05). The 

region of significance was for values of VS reactivity below 0.11 (shown in grey shading). There was no moderating 

effect of VS reactivity on pathways from adolescent AB group to AB at ages 22-23 among European-American 

participants. 

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t


