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DEFLECTIONS FROM ANTISOCIAL BEHAVIOR - 2

Background: Early adulthood is a critical period when young men involved in antisocial
behavior(AB) may desist. &ctors including marriage and employment have been shown to
predict desistace, but little work has examined whether biological facters.,neural reactivity
predict deflection$érom life-long AB trajectoriesM ethods: We examined the continuity of, or
desistace fram AB in early adulthood using grougasedrajectoriesof AB across adolescence

in a sample of 242 men from low-income, urban famiWgs.examined contextual factors
(romanticrelationship quality, employment, neighborhood danger) and neural factors (amygdala
reactivity tofearful faces, ventral striatum reactivity to reward) as moderators of the continuity
of AB from adolescencgge 10-17) into early adulthood (age 22-23), and whether these
pathways differed by rac®esults: High relationslip satisfaction and employment at age 20
predicted decreasekB at age 223, but only among men with adolescent-onset/modéiate
trajectories Ventral striatum reactivitpredicted continued AB, but only among African-
Americanmenwith early-starting AB.Amygdala reactivity to fearful faces was relatethter

AB for thosein the earlystarting group, but in divergent directions depending on race: amygdala
reactivity tofearful faces was positively related to AB in Europ&arericans and negatively
related to AB'among AfricaAdmericans. Conclusions: Contextual factorsnly predicted
deflectons«efAB in those engaged in lagtarting, moderate levels of AB, wheresesural

factors predictedontinuedAB only in those witrearly-starting, severe ABand in divergent

ways based on participant rad&ough there is limited power to infer causality from this
observational designeseach on desistacebroadly can contribute to informing personalized
interventions*for those eaged in serious adolescence ABywords. Antisocial Behavior,

Desistace,»€onduct Disorder, Amygdala, Ventral Striatum

I ntroduction

Antisocial behaviorAB), which includes aggression and rule breaking, is a large public health
concern because thdsehaviors are highly prevalent1(0% ofteenagersand confenegative
financialand emotioal consequences for victims and society (Foster & Jones; R@k,

Kazdin, Hiripi, & Kessler, 2006)AB is fairly sable(Loeber, 1991)with stability correlations as
high as .5 from ages 5 to 30 (Huesmann, Eron, Lefkowitz, & Walder, 19@4)stRbility belies
the hetengeneity in course for AB, with a wealth of literature shovilmg, compared to youth

who begin AB in adolescencehildren with childhood-onset AB have mosevere, stableand
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DEFLECTIONS FROM ANTISOCIAL BEHAVIOR - 3

chranic AB into adulthood, as well as poorer health, social, and employment outddofét,(
2006 Moffitt, Caspi, Harrington, & Milne, 2002Despite the stability of ABa potential

“turning point” for youth involved in AB is early adulthood (Laub & Sampson, 1993). During
the early 20s, social contexdsangedramatically withincreases imndependence, autonomy,
and responsibility. For some youth, increased autonomjuctner entrenclihe individual into

a life of crime. However, for others, this period may present opportunities to chédrayeola!
trajectoriegChung, Little, & Steinberg, 2005).

Researclduring early adulthooduggests that changes in context, such as tirosght
about by the presence pbsitive romantigelationships and employmemhay promote
desistancérom=AB, potentially by engaging the emerging adult in productive, supportive
relationshipghat increaséime spentn prosocialactivities(Burt et al., 2010Laub, Nagin, &
Sampson, 199&aub & Sampson, 1993 onversely, research suggests that negative contexts,
such adiving in a ceprivedneighborhood, maympede efforts to desist (Foster & Brooks-Gunn,
2013). Identifying factors tharedictdeflectons ofearlier trajectories of ABan help to inform
interventionsrand juvenile justice policy (Mulvey et al., 2004)wever few studies have
examinedvhether these factors are similarly protective across eapecially given that
African-American men facenany unique structural and contextual challenges compared to
EuropeanAmerican merthat may undermine attempts to degidays, Cochran, & Barnes,
2007 Mulvey et al., 2010)Thus, the first aim of the present study was to examine whether
promotive contextudhactors at age 2predicted changes in theajectoryof AB across
adolescenceto, AB iearly adulthood (age 22-23) in European- and Afridamericanyoung
men raiseduindw-income, urban environmentmd whether racemoderatedhese effects

In addition tocontextual factorgdentifying personlevel predictors oflesistancean
inform personalized interventions. An importaotentialpersonlevel predictorof desistance
versus persistence is variation in neural reactivity, but Wtek has examined neural factas
longitudinal predictors of desistee from (or persistence o&iB. Reactivity of the amygdala,
particularly-te"social signals of distress (fearful facasyl reactivity of the ventral striatufS)
to rewardhave beerentrd to etiological theories oAB (Blair, Leibenluft, & Pine, 2014Hyde,
Shaw, & Hariri, 2013)Disruptions in cortiolimbic and cortiostriatal systeams thought to
explain why those engaging in AB show less fear and empat¥grds victimgamygdala
dysfunction)and why those high on AB show@warddominant behavior style/S dysfunction)
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(Blair et al., 2014Hyde et al., 2013)n support of these theories, increasing numbers of studies
have linked amygdala reactivity and VS reactivity to AB ciesstionally(Buckholtz et al.,
201Q Hyde et al., 201,3viding, Sebastian, et al., 2012).the current samplepwer amygdala
reactivity to fearful faces andweer VS reactivity to rewardrerelated to greater concurrent AB
at age 20 (Hyde et al., 201durray, Shaw, Forbes, & Hyde, 201 However, reactivity in these
neural regions.may be important, not just to understanding the onset and maintedsdeubf
alsoto understandingesistancérom AB, particularly among those with the most severe kB
fact, arecent™neureprediction” studyshowed that neural reactivipredictedfuturere-arrest(vs.
desistance) in an incarceratmple(Aharoni et al., 2013). Thus, the second aim of the current
studywas to examine whether variationamygdala reactivity to fearful faces avi8 reactivity
to reward predicted changes pathways from adolescent trajectories of ABater AB during
early adulthood:

The overall goal of the present study was to examine contexuiakanalfactors that
predictdesistance, by examining whether these factors predicted deflectionsdjectories of
AB acrossradolescen¢ew, latestartirg, andearly-starting) toAB at age 223. As each of the
contextual'and‘neuréctorsexamined in this study have been previously shown to increase risk
for AB or‘decrease the probability of desistagreehypothesized that young men living in
dangerous neighborhoodgho wereunemployed, without a satisfying relationstapdwho
exhibitedlower amygdala reactivity to threat and low3 reactivity to rewardvould show
persistent'AB from adolescence to early adulthdodontrast, we hypothesizétht living in a
safer neighborhood, being employed, having a satisfying romantic relationship, and neural
profiles marked by less rislof AB, would predictlesistancérom AB. Moreover, given theories
that adolescermnsetAB trajectorieamay be more malleab(®offitt, 2006) and, incontrast
that brainbehavior relationships may vary by the severity of psychopathoRight(a &
Scheres, 20)4we hypothesizethatpredictors of desiahcewould vary by AB trajectory grop.
However,given/the lack of literature from studies that have explored desistance amadmg yout
with adoleseent-onset ABye considered ithis anexploratory hypothesi$Ve examined these
guestions ameng a sampleratially diversanen followed since early childhood, who grew up
in low-income, urban families, so that we could exanho@ these processes unfold in a context
risky for AB. Moreover, we examined wheth®B desistance versus persistemazuld differ

between European- addrican-Americanyouth based on the additional stressors faced by
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African-American youth which may impede the protective effects of promotive contextual
factors.Givenrecent findings from the current sample showing that the relationship between
neural reactivity and concurreAB were moderated by ra¢elyde et al., 2016), bwtith no

prior research to guide these analyses, we@ssidered moderation of these pathways by race

to be exploratory.

Methods

Participants

Participants were part of tigtt Mother & Child Project, an ongoing longitudinal study of 310
low-incomerbays and their families (Shaw, Hyde, & Brennan, 2012). Target children and
mothers were @& almost yearly from age 1.5-28ssessments included questionnaires
interaction tasks, clinicahterviews,and an fMRI scan at age .2@dost visits were in the home
or lab, except for data collected at age 16 and 23, wiichvia a phone interviewAttrition to
the age 2 and-23 visits was low for such a long-term study (252 participants,&8Xje 22).
However, thesfMRI component at age 20 introduced several sources of data Ibisg)resa
sample'size of 16for the emotional faces task and 144 for the reward reactivity task
(Supplemental Appendi®1, Supplemental Tables S1. & $Rarticipantprovided informed
consentwere reimbursed after assessmgaigl procedures were approved by the University of
Pittsburgh IRB

Behavioralneasures

Self-reportedAB. To assess setkported AB, we used the Self-Report of Delinquency
Questionnaire¥RD;Huizinga & Elliott, 1986) whichwas administered from ages-1D
containing. ageppropriate items (33 items for ages-1P, 62 items for ages 15-17, and 53 at
ages 22 and 23; see Hydeakt 2015). During adulthood, we removed 14 items relating to drug
use to createra measure of AB that wagnmfatenced bysubstance usage 22, a=.80; age 23,
a=.85). We"also used the 7 item AB subscal&eff-Report Psychopathy Shefbrm (SRPSF)
(Gordts, Uzieblo, Neumann, Van den Bussche, & Rossi, 204%yas administered at age 22
(see Dotterer et al., 2016).
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Antisocial personality disorder symptoms (age d®)assess clinically meaningful AB at age 22,
symptoms ofAntisocial Feronality Disorder (APD) were assessaad summed usindpe SCID

Il (First, Gibbon, Spitzer, & Benjamin, 199(fdr more details sedyde, Burt, Shaw, Donnellan,
& Forbes, 2015Shaw et al., 2012).

Adolescent trajectories &B (ages 10 -17). Within a previous studin this sampléShaw et al.,
2012), SRD'scores at ages 10, 11, 12, 15, 16, and 17 were used to create trajectory groups using
sani-parametric group-based mixture modeling with Proc Traj in SAS 9.2 (Jones, Blagin,
Roeder, 2001)These analyses yielded 4 distinct groups: lowdi71; 63%)Jate-

startingmoderate i=54; 20%), early high/late “desistingi<€15; 6%), ancearly increasingpigh
(n=28; 10%). These groups have been used in multiple studies in this sample and have
discriminateccourt involvement and clinical diagnoses of conduct disorder at age 1&AP&nd

and substance us¢ age 20 (Hyde et al., 201Shaw et al., 2012). Consistent wéh prior work

in this samplewe combined the “early high/late desisting” gravith the “increasinfhigh”

group to create a “high” group representoigd-onset AB. We have consistently combined
these groupsédrause the “early high/late desisting” group was relatively smathéngroup
hadsimilarlevels of antecedent riskcros childhood and similar levels 8B at age 2@sthe
“earlyincreasinghigh” group(Hyde et al., 20155haw et al., 2012). Moreover, boys in this
“early high/late desisting grougselfreported as beingighest on being “good at telling lies
others believe” during adolescence and over 60% had juvenile court involvement, suggesting
that they weresinvolved in meaningful levels of ABross adolescenc&dditionally, at age 22-

23, these twe-groups reported the same levels of AB across all 4 measures of ABYa)l ps>
Thus, we concluded th#te indication of “desisince” in adolescenci this groupactually
reflectedunder-reporting of AB during late adolescensecordingly, in the current studwe
examined three adolescent AB trajectory groups: lovt§2 67%), latemoderate r{=48; 20%),

and high §=32,43%), which also reflect the main groups identified in most longitudinal studies
of AB across'adolescen¢®loffitt, 2006). Given our interest in examining moderation by race,
we focused'on,two specific racial groups that had the highest representation impihe sa
EuropeanAmerican and AfricarAmerican andncludedthe 242 participants who were

originally included inAB trajectoriesconstruction (Shaw et al., 2012) and reported belonging to
one of theseacial groups.
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Moderating variables

Contextual factorgage 20) First, we examinedeighborhood dangerousnessing the 14tem

dangerousness_scale from the Me and My Neighborhood questionnaire that assesses perceptions
of different facets of neighborhood quality=.89) (Shaw et al., 201 Second, we
examinedelationship satisfactiomsing 5#kems from he Quality of Marriage Indefu=.96; see

Supplemental”Appendix Sflor items)(Norton, 1983. If males were not in a relationship, they
were assigned a 0 as their score for relationsdiigfaction findings remained when treating no
relationshipas” missing). Note that we coded the variatethis wayas our goal was to

examine bethithe presence of a romantic partreseih on research showing the simple presence
of a romantic relationship as protective: Burt et al., 2@bh@) whether this relationship was
positive(based on research highlighting the importance of the relationship being positive: Laub
et al., 1998). Third, we examinethploymenassessed via a demographic interview (i.e.,

employedparttime or fulktime vs. unemployed).

Neural factorss«(age 20Amygdala reactivity to fearful facegas measured using amotional

faces taskuith four blocks of perceptual face processing interleaved with five blocks of
sensorimetor contrqHariri, Tessitore, Mattay, Fera, @einberger, 2002 previously shown to
correlatewith AB crosssectiorally in this sample (Supplemental Appen&ik Hyde et al.,

2016). VSreactivity to rewardanticipationwas measured usiragslow eventelated card

guessing gamtaat elicits largeeffectsin the VS(Forbes et al., 20Q0%orbes, Shaw, & Dahl,
2007). Wefecused arewad anticipation which has been previously shown to correlate with
AB in this'samplgSupplemental Appendi®1; Murray et al., 2017).

As described previously (Hyde et al., 2016), blood oxygenation level-dependent (BOLD)
functional iImages were acquired arsiemens-3 Trio scannewusing gradienecho echoplanar
imaging. RPreprocessing, artifact detection, and evaluation of signal coverageins reégi
interestwerescompleted using SPM8 (http://www.fil.ion.ucl.ac.uk/spm/; Supplemental Appendix
S1). Linearcentrasts employing canonical hemodynamic response functions were used to
estimate conditiorspecific BOLD activation for individuals. Individual contrast imagese
used in secontkvel random effects models to determine both mean amygdala reactivity to

fearful faceqversus shapegndVS reactivity to anticipatiomf reward (versus baselinaging
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onesample ttests. Contrast specific BOLD parameter estimates were extracted for use in MPlus
v7.2from activated clusters within amaomically defined regi@of interestin the bilateral
amygdala AAL atlas)(Gardet al., 201y and VS (PickAtlas v2:4wo 10-mm spheres around

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

Covariates\We controlled for maternal education and family income basesldamographic
interview at'18"'monthsand explored race (EuropeAmerican vs. AfricarAmerican) as a

moderatofr:

Analytic strategy

Aim 1: Examine how membership in adolescent AB trajectory groups predi&B thecomes
at ages 2223, Using confirmatory factor analysis, we established that the four measukBs of
at age2-23formed a single latent construct of AB (Supplemental Figure B/k}estecthe
longitudinalrelation$ip betweeradolescenAB groups andi\B at age2-23 usinga
MANCOVAmmadel in SPSS 24 with Bonferroni€orrectedpost-hoc tests as well as with the

same dummieoded structural equatigrath model used in all other analyses (see below)

Aim 2: Examine how different contextual and netmators moderate the stability of adolescent
AB trajectory groups to AB factor scores at ages 22/28.rantwo models tcexamine the
interactingeffects of thecontextial and neural domains using Mplus v7/Nughén & Muthén,
2014). Werused full information maximum likelihood estimation with robust standard er
(MLR) whichsallows for analysis witinissing data (finaN=242 for all analyses) and which
provides estimation with less assumptions about the normality of the data thanrvhtiest
(e.g., it can accommodate data that is not normally distributed/with) dker each domain, we
specified a,model with the latent AB factor at age222s the dependent variable. The
independent variables were the main effectsenfig in the high or latenoderate AB group6.e.,
dummy codes relative to the low groupchcontextual oneural factorand the interaction
between AB:group membership ath@semoderators (Supplemental Figure S2ign8icant
interactionsvere examinedsing simple slope and region-sifynificance analyses using an
online tool(PreacherCurran, & Bauer, 2006). Moreover, we follow recommendations for the
transparent reporting of interactiofi®oisman et al., 2012Vidaman et al., 2012) by reporting
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the amount of data coverage in regions of significance analyses (i.e., we reponitiee ol
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 S3Affican-American participanjsandSupplementalable .

(EuropeanAmerican participan)s

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

As shown'in Supplementd@lbleS5. and Supplemental Figure S8 age 223, menin the high

and late-moderate adolescent groups showed significantly higher AB versum ttineskow

group Men inthe high groumlsodemonstrated higher AB than those in the-fatelerate group

Do contextualind neural factors moderate links between adolescent AB trajectories and early
adult AB?

Although'we_found main effects of gronpembership and contextuahd neurafactors on later

AB (Tables1=2), we concentrate our presentation of the Resuligon significant interactions
between group membership (i.e., evidence of deflections or exacerbations kp#Bis

trajectories).

Contextuahfaetordr-irst, we found a significant iaraction between membershiptive late-
moderategroup and employment (Table Bmployment was specifically protective for those in
the latemaderate group, abdse in théate-moderategroup who wer@mployed =28, 63%0f
the group teported data in the region of significust®wed significantly lower AB at ages-22
23 than those.in tHate-moderategroup who were unemployed=£16, 36% of the group
reported data‘in the region of significap@eigure 1). Employment was not protective for those
in the high'greup, but for those in tlade-moderatdrajectory employment predict@@% less
AB at age 223.

Secondwefounda similarinteraction between relationship satisfaction at age 20 and
latemoderateAB group membershipT@ble 3, wherebyrelationship satisfaction was protective
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but only for those in the lat@oderategroup (Supplemental Figure S4.). Regions of significance
analyses showed that low levels of relationship satisfaotiot being irarelationship were
related to higheAB for the latemoderategroup (=29, 67%) whereas greateelationship
satisfaction vasprotective (=13, 30%), predictingevels of ABas low as théow AB group.
Finally;,neighborhood dangelid not moderat@B trajectories, nodid any pathways

vary by race.

Neuralfactors'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.evag Bieraction;Table?2).
AmongAfrican=American maledpwer amygdala reactivity was related to higher AB, but only
among those who were in the high AB group (Figur8@plemental Tablg6). Theregions of
significance sheedthat low amygdala reactivity to fepredicted greatekB in the high group

(< .15, thougn=3 in the region of significance) and, though regions of significance implied that
high amygdala reactivity (> .J%vas protective fothe high AB group, no participants hatores

in this rangelnscontrast, among Europedmericanparticipantsan the high group, having
higheramygdala reactivity was relatéaimore AB at ages 223 (> -.04,n=7). Although regions

of significance implied thataving very low amygdala reactivity wasotective(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,
andVS reactivity to rewardAmongAfrican-American participants in the high AB groupwer
rewardrelated VS reactivitpredictedmore AB at ages 223 (< 0.11,n=5). There was no
“protective™level of VS reactivity to reward for Africemerican men in the high AB group,
and no significant relationships in the Europédamericanmen(Figure 3).

Discussion

By combining rich measures of context aralral reactivityduring socioemotional and reward
processinga:@longitudinal sample of 242 young men, we identifiactors thapredicted
deflectionsfrom theontinuity in ABfrom adolescence tearly adulthoodSpecifically,we

found that relationship satisfaction and employment were potentigdigrtant protective factors
for menwho had followed an adolesceanset trajectorpf AB (latemoderate group)n
addition, reural reactivity to fearful faces wapeedictorof AB pathwaysor menin the high,
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early-startingAB trgjectory group in divergent directions dependingrane: ForAfrican-
Americars, greateamygdala reactivity to fearful faces was protective, wheredsumpean-
Americars, greater reactivitypredicted increased ABinally, lowerVS reactivity to reward
predicted increased AB, but only fafrican-American menn the high AB trajectory group
These results;highlight thility of examining both contextual ameuralvariables as factors

that may premotepersistence or desistangeAB into young adulthood.

Contextual factors

Two wellresearched factors associated with desistdhegresence @ positive romantic
relationship and employmemtrediceddesistancé&rom AB, but only for those witladolescent
onset AB(le., latemoderate group)rhus,these factors may bmore effective for young men
with less entrenched AB. It is important to note that we examined pergete¢idnship quality,
not marriagevhich was the focus of past stud{@&aurt et al., 2010Laub et al., 1998). Thus, for
the more severéigh AB group a more formalized, lorigrm relationshipg.g.,marriage)may

be necessary+to promote desistadaiditionally, it could be that earkgtartingtrajectories are
more intractable and less malleable in the face of positive relatior{duofiit, 2006, 2018) Of
course, one,alternate interpretation, given the use of-eepelft measures of relationship quality,
is that early(versus latestarters may have different biases in their reporting of relationship
quality. Similarly, it is possible that lateynset delinquents who have higher intelligence and
more adaptive personal characteristics are able to both desist froenacrihenter into good
social relations,and employment. Thus, desisting and forming social bonds may natiegle rela
causally a‘keysimitaton to our observational desigmportantlyhowever, these findings did
not vary by race, suggesting that a positive romantic relationship and emplgyediots
outcomes similarlyegardless athe uniqueisk factors(e.g., discriminationjaced byAfrican-

American,men

Neural facters

When examining neural reactivity to fearful faces, found that greater amygdala reactivity
increased the likelihood of persistence in the high AB group among Eurdpezmcan men,
whereas for AfricarAmerican men, lower amygdala reactivity predicted persistdine.
dramatic divergencacross race is ogistent withprevious work in this sample (Hyde et al.,
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2016), where we found thatosssectional relationships between lower amygdala reactivity to
fearful faces and ABvere strongest among Africakmerican participant8Becausehe task
presents AfricasAmerican men with faces of people who appear toflieuropean originwe
have interpreted our findings as consistent with research suggibstirgnygdala reactivity to
emotional faces may vary dramatically tegroup versus out-group members (Hart et al., 2000
Phelps et al., 2000). Thus, our findings suggest that, at this critical developmectiatg, the
extent to which"Europeafimericanmen with long histories of AB are hyperactive to distress
in members oftheir kgroup, predicts thir continued persistence in ABRhereador African-
American/menlower reactivity to distress in oygroup members predicts persistence.

Altheugh our goalasto examine neurakactivity as atatisticalmoderator, based on
the categorical'nature of the trajectory groups, we @eibte interactions with neural reactivity
on the x-axis (rather than as the grouping variable). This appatexklarifieshatamong
African-American participantgmygdala reactivity to fearful facesnegatively correlated with
AB within the high AB group Whereaghe direction of this relationship consistent with past
work in thisssample (Hyde et al., 2018)¢contrasts withmuch of the previoustérature thahas
linked AB to greateramygdala rectivity (at least when not accompanied by highels\of
callousunemotional traitsvhichwerenot related to amygdala reactivitytims samplg (Hyde et
al., 2013.viding, Fontaine, & McCrory, 2012However, fewprevious studiehaveexamined
race as a moderator angbsthave examinedxtreme, clinical samplegith participants of
Europeamarigin. Our current findings suggest thabnsistent with the literaturamygdala
reactivity tofearful faces may be positively related to AB, but only in individugisiodpean
descat withusevereAB, which likely matches the sample composition of several previous
studies infthis are@.g., Viding, Sebastian, et al., 2012).

Limitations

The current studipad several strengths, including a relevevat]-characterized sample at high
risk for AB.fellowedprospectively fromearly childhood, use of contextwaid neural measures,
assessmerf adolescent trajectories of AB to examine desistaauoe prospective neuro-
predictionof later AB. However, severamportant limitations merit consideratioRirst, the
sample is composed gbung merfrom 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 fepecific trajectories of ABs moderated by rag¢though

on par with many clinical neuroimaging studies of AB) and did have substanttadrattrith
respect to the neural measurésese smaller cell sizes may have limited pawer to detect
smaller effect§Dawson & Richter, 2006), particularly given the difficulties in detecting stoall
medium interaction effects in samples smaller than 500 particifdo@Glelland & Judd, 1993).
Third, we found‘a relatively small number of participants with data within the regions of
significancefor'severalf the interactions. We highlight the limited data coverage through the
use of transparent reporting approaches that are highly recommended (Roisma20E2 a
Widaman(et al., 2012jhough rarely usedvhen reporting results from interaction models. Thus,
while our findingswere consistent with the hypotheses, the results should be seen as exploratory
and must be replicated in larger sampl@scourse, the challende replication is that few
current datasetsclude a largesample size with neuroimaging and longitudinal data across
adolescencwith greater power to test the current hypotheattsqugh see the forthcoming
ABCD study) a point fighlighted in a recent review of AB trajectori@doffitt, 2018). Fourth,

we examinedsthe brain asttisticalmoderator versuthe brain as a predictor of behavior.
Although theamygdala andsS are implicatedn the etiology of AB(i.e., as “predictors’)our
studyaddresse@hether individual variability in these circuitsagnifiesor buffersAB
pathways-once they are started (i.e., as “moderatdi#é controlling for the main effesof
neural reactivityon AB). Relatedly, we use the term “moderators” through the paper in a
statistical sense (i.e., an interaction term). However, only race meetiefinitiors of a
moderatoie’gsour moderators were not measured at baseline, are not uncorrelated with
independent.wvariables: Chmura Kraemer, Kiernan, Essex, & Kupfer, Ref¥mner, Stice,
Kazdin, Offord, & Kupfer, 2001). Factors such as marriage, employment, and neurgltyeact
are alllikely influenced by the past trajectory of AB and the contextual factors tbdicpr
trajectories,of AB. Moreover, these factors change over time. @lthsughwe selected factors
thatchronologically appeared between adolest@apgctories of AB and the later outcowieAB

in early adulthood, these “turning poin&iould be seen as varying factors that may “predict”

desisénce inthe statistical and descriptive sense and may not be stable, causal factors.

Conclusions
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In sum, our study addresses a novel question about how both contextual anthotwsal

predict the potential fadesistancén high+isk maledransitioning into early adulthood.
Contextual factors appeared to be important in predictingdebistancef youth with moderate
and lateenset AB, whereas neural factors related to the cortiolimbic and corticostriatal circuits
predicted botlilesistancandpersistencamong thosé early-startingtrajectores of AB. The
results bridge findings across social and biological approaches and highlight the Ipotentia

identify'who"and why some individuals atmost risk fochronicAB.

Supporting information

Additional Supporting Information may be found in the online version of this article:
Appendix S1. Supplemental methods.

Table S1. Sources of data loss for fMRI paradigm to exanaimg/gdalareactivity to fearful

faces.

Table S2. Sources of data loss ftMRI paradigm to examineentral striatunreactivity to

reward.

Table S3:*Bivariate correlations between risk and protective factors across contextual and neural
domains_ and antisocial behavior at ages 22/23 arA@mman-Americanparticipants.

Table $4. Bivariate correlations between risk and protective factors across contextual and neural
domains and antisocial behavior at ages 22/23 arBangpeanAmericanparticipants.

Table S5. MANCOVA model examining the predication of antiga behavior in early

adulthood by trajectories of antisocial behavior across adolescence.

Table Se=Twe=way interactions between adolescent AB group membership and neural reactivity
to fearful faces\and reward anticipation in predicting later AB in Afril@merican versus

EuropeanAmerican participants.

Table S7. ANCOVA model examining how group membership and employment are related to

later antisocial behavior.
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Figure S1. Confirmatory Factor Analysis model to derive latent antisocial behavior faictor

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 |ateagd3 22-
23.

Figure S3iStructural 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 adelescent AB group.

Figure $4. Greater relationship satisfactisprotective against persistent antisocial behavior

among males with latencreasing antisocial behavior trajectories in adolescence.
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e Contextual factors (e.g., marriage, employment) have been shown to predict desistanc
antisocial behavior in early adulthood, but littterk has also examined neural factors
that predict desistance

¢ Relationship quality and employment predicted decreased antisocial behavior in
adultheed, but only for men who were in moderate/adoleswesdt trajectories of
antisocial behavior

e Amygdala reativity to fearful faces predicted increased antisocial behavior, but only
among men with early onset/high trajectories of antisocial behavior and ryetive
ways based on participant race

e Lowerventral striatum reactivity to reward predicted increasadaaml behavior, but

only among AfricanAmerican men with earkpnset trajectories of antisocial behavior
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Table 1. Main and Interactive effects of adolest@B groups anaontextual factors at age 20
onAB at ages 223

AB (ages 22-23)

B SE B
Covariates
Race -0.01 0.10 -0.01
Income 0.07 0.06 0.07
Mother Edugcation 0.01 0.06 0.01
Main Effects'of adolescent AB group and contexts
Late-moderatess. Low 0.25 0.14 0.25t
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 moder ators and race
Latemoderatesx Race 0.03 0.18 0.03
High x Race 0.19 0.28 0.19
Employmentx Race -0.06 0.11 -0.06
Relationship Satisfaction x 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 x Employment -0.21 0.18 -0.21
Latemoderatex'Relationship Satisfaction -0.30 0.15 -0.30*
High x Relationship Satisfaction -0.12 0.27 -0.12
Latemoderate *Neighborhood Danger -0.03 0.16 -0.03
High x Neighborhood Danger -0.15 0.23 -0.15
Three-way interactions probing the effect of race
Latemoderatex Employmentx Race 0.12 0.18 0.12
High x Employmentx Race -0.18 0.28 -0.18
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Latemoderate »Relationship Satisfaction Race 0.12 0.10 0.12
High x Relationship Satisfaction Race 0.10 0.14 0.10
Latemoderate *Neighborhood Dangefr Race 0.01 0.15 0.01
High x Neighborhood Dangef Race -0.02 0.19 -0.02

Note. *** p <001, **p < .01, *p < .05, 1p<.10, N=242

Table 2. Main and nteractive effects of adolescekB groups andheur al factors at age 20 on
AB at ages: 223

AB (ages 22-23)

B SE B
Covariates
Race -0.37 0.17 -0.10*
Income 0.00 0.00 0.03
Mother edugation 0.02 0.05 0.01
Main Effects of adolescent AB group and neural reactivity
Late-moderaters. low 0.08 0.32 0.02
High vs. bw 1.70 0.29 0.32%**
Amygdalaseactivity tofear -0.74 0.34 -0.20
Vs reactivity*terewardanticipation 0.30 0.55 0.05
Two-way interactions probing neural moder ators and race
Late-moderate >ace 0.56 0.40 0.10
High x race -1.22 0.45 -0.15*
Amygdala=eactivity x race 0.62 0.36 0.12
VS reactivity xXrace -0.85 0.64 -0.08
Latemoderates,amygdala eactivity 0.94 0.50 0.12
High x amygdala reactivity -5.29 0.94  -0.44%**
Latemoderate »/S Reactivity -0.70 1.36 -0.05

Three-way interactions probing the effect of race
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High x VS reactivity -6.92 1.15 -0.28***
Latemoderate »amygdala eactivity x race -1.63 0.67 -0.15*
High x amygdala x race 8.22 1.11 0.58***
Late-moderate ¥/S reactivity x race 1.18 1.88 0.05

High x VS x.race 7.78 1.80 0.21**

Note, ** p'<_001, **p < .01, *p < .05; N=242
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Figure 1. Employment predicts desistanceA®B particularly among males showing late-
moderatedrajectories oAB across adolescence.

l [ X ]
[ ]

LN ]

1.2 — o
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Antisocial behavior ages 22/23

low, late, high, low, late, high,
unemployed unemployed unemployed employed employed employed

Adolescent antisocial behavior trajectory group and employment status at age 20

Note.N=242.Significant ketween group contrasts all significanpat05 (Bonferroni correctedBars connected by
a line are significantly differenSee Supplemental Tab®&Y.for individual estimates.
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Figure 2. Differential effects of amygdala reactivity to threat on |&Bramong European-
American versus Africamerican males who showed high AB in adolescence

A. B.

- =low

Late-moderate

= High

Antisocial behavior ages 22/23
N

Antisocial behavior ages 22/23
N

-1 1
2 2
-3 ] -
Amygdala reactivity to fearful faces >« - Amygdala reactivity to fearful faces >

*rx n<.0015.p<:05:N=242.Models controlled for income and maternal educatharor AfricanAmerican males
who had high adelescent ABherewas asignficant inverse relationship between amygdadatreity to fearful
faces at age 20 arahtisocial behavior at ag@2-23 (B=-2.79, SE=80, f=.67, p<.001). The region of significance
was for values of amygdala reactivity up 18 and higher that .75 (shown in grey shadingR. For European
American males whbad high adolescent ABreater amygdala reactivity to fearful faces at age 20 was refated t
moreAB at ags 22-23 (B=2.68, SE=55, f=.86, p<.001). For EuropeaAmerican males who showed lat@derate
AB in adolescence, lower amygdala reactivity to fearful faces &2@ges protective against futudé (B=-.1.04,
SE=39, p=-.54, p<.01), although the interaction of being in the lat@derategroup x amygdala reactivity to fear
wasonly significant at arendleve, limiting what can be inferreftom this significant slopésee Supplemental
TableS7.)The region of significance was for values of amygdala reactreityw-.59 and above 05 (shown in
grey shading).

Figure 3. Lowerventral striatunreactivity 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 SuppienieleS6). A. For
African-Americanmales who showed higl8 across adolescence, there wagmificantinverse relationships
betweenVVSireactivityto reward anticipatiomt age 20 andB at ags 22-23 (B=-1.60, SE=.76p=-.36,p<.05). The
region of significance was for values\é® reactivity below 0.11shown in grey shading].here was no moderating

effect of VS reactivity on pathways from adolescent AB groupBat ages 223 among EuropeaAmerican
participants.
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