
Vol.:(0123456789)1 3

Child Psychiatry & Human Development 
https://doi.org/10.1007/s10578-020-01119-w

ORIGINAL ARTICLE

Developmental Trajectories of Delinquent and Aggressive Behavior: 
Evidence for Differential Heritability

Joshua Isen1   · Catherine Tuvblad2,3 · Diana Younan4 · Marissa Ericson2 · Adrian Raine5 · Laura A. Baker2

Accepted: 29 December 2020 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract
The developmental course of antisocial behavior is often described in terms of qualitatively distinct trajectories. However, 
the genetic etiology of various trajectories is not well understood. We examined heterogeneity in the development of delin-
quent and aggressive behavior in 1532 twin youth using four waves of data collection, spanning ages 9–10 to 16–18. A latent 
class growth analysis was used to uncover relevant subgroups. For delinquent behavior, three latent classes emerged: Non-
Delinquent, Low-Level Delinquent, and Persistent Delinquent. Liability for persistent delinquency had a substantial genetic 
origin (heritability = 67%), whereas genetic influences were negligible for lower-risk subgroups. Three classes of aggres-
sive behavior were identified: Non-Aggressive, Moderate, and High. Moderate heritability spanned the entire continuum of 
risk for aggressive behavior. Thus, there are differences between aggressive behavior and non-aggressive delinquency with 
respect to heterogeneity of etiology. We conclude that persistent delinquency represents an etiologically distinct class of 
rule-breaking with strong genetic roots.
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Introduction

Antisocial behavior is a broad term that encompasses delin-
quent and aggressive behaviors. Delinquent behaviors are 
generally defined as those which violate societal norms, val-
ues and laws, whereas aggressive behaviors are defined as 
those which hurt, harm or injure another [1–4]. Research has 
shown that early behavior problems strongly predict future 
antisocial behavior, and are associated with a wide range of 
negative outcomes, including academic underachievement, 
unemployment, psychiatric illness, substance abuse, and 
unstable relationships [5–8]. Thus, antisocial behavior con-
stitutes both an economic and a social burden to individuals, 
their families, and entire communities [9]. Understanding 
the developmental patterns of antisocial behavior from child-
hood through adolescence can inform intervention efforts 
and help reduce the aforementioned burdens.

The relationship between age and antisocial behavior is 
well known. Overall, antisocial behavior tends to increase 
in early adolescence, reach a peak in mid-adolescence and 
then decline, at first quickly, but then more gradually. This 
relationship between age and antisocial/criminal behavior 
has been evident for several decades and across diverse 
demographic samples [10–13]. Even though the relationship 
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between age and antisocial/criminal behavior is evident, 
antisocial behavior in childhood will not always result in 
antisocial behavior during adolescence; not all antisocial 
youths continue to engage in such acts during adulthood, 
and the majority of individuals who have previously engaged 
in antisocial behavior seem to desist during late adolescence 
or early adulthood.

Developmental Trajectories

These developmental patterns form the basis for Moffitt’s 
famous taxonomy of a life-course persistent trajectory versus 
an adolescent-onset antisocial trajectory in which age-of-
onset is the key [14]. Similar to Moffitt’s developmental tax-
onomy, an earlier theory by DiLalla and Gottesman [15] also 
focuses on age-of-onset. They differentiate among three tra-
jectories: ‘continuous antisocials’—delinquent youths who 
continue to be criminal as adults; transitory delinquents—
adolescent delinquents who desist from crime in adulthood; 
and ‘late bloomers’, who begin offending in adulthood.

Other developmental theories posit different trajectories 
that describe when youth develop (and desist from) antiso-
cial behavior [16, 17]. Newer models focus on antisocial 
behavioral subtypes, namely aggressive behavior versus 
delinquent/rule-breaking behavior [4, 18, 19]. For example, 
Loeber and Hay [20] have suggested two pathways: the overt 
pathway—that escalates across time from minor aggression 
(e.g., annoying others, bullying), to physical fighting (e.g., 
gang fighting), and lastly into full-blown violence (e.g., 
rape, aggravated assault, robbery)—and the covert pathway, 
which constitutes minor covert behaviors (e.g., shop-lifting 
and lying), property damage (e.g., vandalism and fire-set-
ting), and later serious delinquency (e.g., fraud, burglary, 
and major theft).

The presence of distinct trajectories of antisocial behavior 
has received much empirical support [21–30]; for an excep-
tion see Walters [31]. Some of the identified trajectories 
include ‘stable high’ (childhood onset/life course persis-
tent), ‘decreasing’ (childhood limited), ‘increasing’ (ado-
lescent onset/transitory), ‘stable low’ (low offending across 
development/chronic low level), and ‘abstainers’ (those who 
refrain from antisocial and criminal activities throughout 
the life-course). Although it has been suggested that these 
developmental trajectories may not be analogous in females 
[32], there is substantial evidence that females follow similar 
trajectories as males. A comprehensive review of 46 studies 
identified early-onset/life-course-persistent, childhood-lim-
ited, adolescence-limited, and adulthood onset trajectories 
in females, and concluded that these trajectories were similar 
to the ones previously identified in males [33].

Further refinement according to the subtype of antiso-
cial behavior have illuminated differences in developmental 
course. Studies exclusively examining aggressive behavior 

have typically found a decreasing (i.e., childhood-limited) 
group [23, 34, 35], whereas delinquent behavior is found 
to increase during adolescence in parallel with the onset 
of puberty [7]. These findings suggest that aggressive and 
delinquent behavior follow different developmental trajec-
tories. The precise number of antisocial trajectories varies 
from one study to another, depending on the subtype under 
examination (i.e., aggressive vs. delinquent behavior) and the 
design of the study (e.g., self-reported vs. caregiver-reported 
measures; prospective longitudinal vs. retrospective).

Various developmental trajectories have been found to 
be associated with different underlying risk factors and 
outcomes. The stable high (i.e., childhood onset/life course 
persistent) trajectory has been associated with early neuro-
logical impairments, cognitive difficulties, and severe fam-
ily dysfunction, and also carries poor long-term outcomes 
such as school drop-out and incarceration [8, 24]. In con-
trast, increasing (i.e., adolescent onset/transitory) antisocial 
behavior coincides with the onset of puberty, and is thought 
to be a relatively normative response to the “maturity gap”—
the “role-less” years between biological maturation and 
access to mature privileges and responsibilities [29, 36]. 
These rebellious adolescents are often poorly monitored by 
their parents but eventually snap out of their antisocial activ-
ities by late adolescence or early adulthood. However, there 
is also evidence that adolescent-onset antisocial behavior 
is not entirely without risk—some individuals on this track 
will continue to exhibit antisocial behavior due to “devel-
opmental snares” (e.g., addiction, unwanted pregnancy, and 
incarceration) [24, 25]. More recent literature indicates that 
adolescent-limited offenders exhibit poorer psychological 
functioning (including greater negative emotionality) in 
adulthood relative to nonoffenders [37].

The ‘stable low’ pattern has been associated with mental 
health problems, whereas abstainers (those who refrain from 
antisocial and criminal activities throughout the life-course) 
were originally hypothesized to possess unappealing per-
sonality characteristics that prevent them from taking part 
in normative peer social groups during adolescence [25]. 
The latter perspective has been challenged by evidence, to 
the contrary, that abstainers are characterized by superior 
social adjustment and mental health [38, 39]. Decreasing 
(childhood-limited) antisocial behavior has been found to 
have similar risk factors and long-term prognosis as the sta-
ble low group [25].

Genetic and Environmental Etiology

Twin studies provide evidence that genetic influences 
contribute more strongly to stable high (childhood onset/
life course persistent), than to increasing (i.e., adolescent 
onset/transitory) antisocial behavior [40–42]. According 
to a meta-analysis, the underlying etiologies of aggressive 
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and delinquent behavior differ in two key ways: aggressive 
behavior is more heritable than rule-breaking (delinquent) 
behavior (65% vs. 48%), and rule-breaking behavior is influ-
enced by the family-wide environment (18% of the total vari-
ance explained) while aggressive behavior is not [43, 44]. 
Thus, aggressive behavior is highly heritable, whereas delin-
quent behavior is influenced by both genetic and family-wide 
environmental factors.

Aggressive behavior is quite prevalent in early childhood. 
Those that display aggressive behavior early typically con-
tinue to display aggressive behavior throughout the lifespan. 
In contrast, delinquent behavior is most prevalent during 
adolescence and shows lower levels of stability than aggres-
sive behavior [44, 45]. Despite what is known about the 
distinct developmental courses of these antisocial subtypes, 
very few studies have examined the degree of genetic lia-
bility for various trajectories of delinquent and aggressive 
behavior.

The present study builds on previous research by identify-
ing and exploring the etiological basis of developmental tra-
jectories of delinquent and aggressive behavior across four 
waves of data collection (from ages 9–10 to 16–18 years) 
in a large community sample of twins. Previous research 
has identified around five different trajectories of antisocial 
behavior: stable high (childhood onset/life course persistent), 
decreasing (childhood limited), increasing (adolescent onset/
transitory), stable low, and abstainers (those who refrain 
from antisocial and criminal activities throughout the life-
course). Here, we explore whether we can identify similar 
trajectories of delinquent and aggressive behavior using 
an empirical approach: latent class growth analysis. This 
mixture modeling technique is appropriate for longitudinal 
data and is designed to uncover the existence of subgroups 
(classes) in a population. Given that previous research has 
demonstrated that delinquent and aggressive behavior are 
influenced by genetic factors [43, 44], we also sought to 
ascertain the degree of genetic influence on any emerg-
ing classes. We hypothesized that genetic factors are more 
important in explaining twin concordance for aggressive-
behavior subgroups than for delinquent-behavior subgroups.

Method

Participants

The current sample consists of 1532 participants (766 
same-sex and opposite-sex twin pairs, 49.7% male) from 
the University of Southern California (USC) Risk Fac-
tors for Antisocial Behavior (RFAB) twin study. This 
study is a prospective investigation of the interplay of 
genetic, environmental, social, and biological risk factors 
on the development of antisocial and aggressive behaviors 

from childhood to emerging adulthood [46]. Participat-
ing families were recruited from the greater Los Angeles 
community, and the sample is representative of the ethnic 
and socioeconomic diversity of the area. During Wave 1, 
participants were 9–10 years old (M = 9.59, SD = 0.58); at 
Wave 2, 11–13 years old (M = 11.79, SD = 0.92); at Wave 
3, 14–15  years old (M = 14.82, SD = 0.83); at Wave 4, 
16–18 years old (M = 17.22, SD = 1.23).

Twin zygosity was determined through DNA microsat-
ellite analysis for 87% of same-sex twin pairs. Seven con-
cordant and zero discordant markers were necessary for a 
monozygotic assignment, while one or more discordant 
markers indicated dizygotic status. For the remaining same-
sex twin pairs, zygosity was established by questionnaire 
items about the twins’ physical similarity and the frequency 
with which people confuse them. The questionnaire was used 
only when DNA samples were insufficient for one or both 
twins in a pair. When both questionnaire and DNA results 
were available, there was a 90% agreement between the two. 
For complete details about procedures and measures, see 
Baker et al. [47]. The study had been approved by an ethical 
review board; project title: Social and Moral Development: 
Phase III; IRB Protocol Number: UP-11-00503.

Measures

The Child Behavior Checklist (CBCL) is a highly reliable 
and well-validated instrument that assesses externalizing and 
internalizing childhood behavioral problems based on paren-
tal ratings [48]. Each of the 113 items pertains to behavior 
witnessed by the parent in the preceding 6 months and is 
scored on a three-point scale (0 = not true, 1 = somewhat 
or sometimes true, 2 = very true or often true) [49]. The 
Delinquent Behavior subscale consists of 13 items, includ-
ing nonaggressive antisocial behaviors such as lying and 
stealing. The Aggressive Behavior subscale is made up of 
20 items that indicate both physically aggressive behaviors 
(e.g., destroys others’ belongings, fights with other children) 
as well as aspects of an aggressive personality (argues a lot, 
brags and boasts, etc.).

The CBCL was administered during Waves 1 through 
4. An overwhelming majority (> 92%) of caregiver ratings 
were obtained from the twins’ biological mother. Parents 
rated both of their twin children’s behaviors at the same time. 
Cronbach’s Alpha for Delinquent Behavior at ages 9–10, 
11–13, 14–15, and 16–18 were 0.61, 0.66, 0.78, and 0.70, 
respectively. Cronbach’s Alpha for Aggressive Behavior at 
these four time points were higher: 0.88 (ages 9–10), 0.88 
(ages 11–13), 0.89 (ages 14–15), and 0.84 (ages 16–18). The 
Delinquent Behavior and the Aggressive Behavior subscales 
were created by taking the arithmetic mean of the completed 
items and multiplying by the total number of items. Effec-
tively, this resulted in a sum score for each subscale.
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Attrition

Since attrition may bias estimates in longitudinal analyses 
[50], we carried out analyses to assess whether baseline 
aggression and delinquency scores differ between partici-
pants who participated in more than one wave (responders) 
and those who dropped out of the study (non-responders). 
For those participants who began in Wave 1, logistic regres-
sion analyses revealed that higher aggressive behavior scores 
at Wave 1 significantly predicted later attrition (OR 1.05, 
p = 0.04). Delinquent behavior scores at Wave 1 did not sig-
nificantly predict attrition (OR 1.03, p = 0.62).

Statistical Analyses

Latent Class Growth Analyses

Latent class growth analyses (LCGA) [51] were used to 
explore the developmental trajectories of delinquent and 
aggressive behavior from Wave 1 (ages 9–10) to Wave 4 
(16–18 years old). To account for skewed distributions of 
these two behaviors, we fit a Poisson regression model to 
the data. This is easily handled in Mplus version 7.1 [52] by 
specifying the measurement scale as ‘count’, such that the 
proper error distribution is produced by the maximum-like-
lihood estimator. The developmental trajectory of each latent 
group across waves was represented by a latent growth curve 
model, with two growth factors estimated: the intercept (G0, 
also known as the baseline) and slope (G1, also known as 
rate). The LCGA assumed homogeneity of individual trajec-
tories within a single group, thus constraining the variance/
covariance of the intercept and slope to zero but allowed 
for differences in these two parameters across latent groups. 
The weight coefficients for the slope, assumed to be uniform 
across class, were set to be 0 and 1 for the first wave and the 
last wave, respectively. The slope loadings were freely esti-
mated for the other waves. Five LCGA models were fit to the 
data, with the number of latent groups ranging from 2 to 6.

Latent class growth analyses were conducted in Mplus 
using the maximum likelihood method with robust stand-
ard errors. Missing values were handled by full information 
maximum likelihood estimation. The preferred number of 
latent groups was determined by the Lo–Mendell–Rubin 
(LMR) likelihood ratio test [53]. The p-value yielded by 
this test determines whether one can reject the null hypoth-
esis that a neighboring class model (with one fewer class) is 
viable. We first examined whether a model with two latent 
classes is superior to one where no classes are present. We 
then progressively tested the fit of less parsimonious models 
(i.e., where one more class was added). This process was 
continued until the Lo–Mendell–Rubin likelihood test for a 
given model was nonsignificant (p > 0.05).

We also used values of Akaike Information Criterion 
(AIC) and the sample-size adjusted Bayesian Information 
Criterion (SABIC) to guide model selection. Lower AIC and 
SABIC values signify a more optimal solution. Both criteria 
exact a penalty when introducing additional parameters to 
the model (i.e., increasing the number of classes). Ideally, 
these values should reach an absolute minimum or at least 
plateau as more and more latent classes are added.

Once a class solution was selected, we extracted the most 
likely class membership for each participant. We accom-
modated for the clustered nature of observations (i.e., twins 
nested within families) in Mplus. Because each class mem-
bership is binary, tetrachoric correlation coefficients were 
used to express the twin correlation of liability for a given 
antisocial trajectory. By glancing at the tetrachoric correla-
tions in monozygotic (MZ) and dizygotic (DZ) twins, it is 
easy to infer the relative importance of genetic and environ-
mental influences on the various trajectory groups. A higher 
coefficient for MZ than for DZ twins indicates that genetic 
influences are important for the behavior under study.

Lastly, we used liability threshold twin modelling to for-
mally estimate the heritability of each antisocial trajectory 
[54]. The heritability coefficient represents the proportion 
of individual differences in liability attributable to genetic 
effects. Since genetic influences were assumed to be addi-
tive, the genetic correlation was specified as 0.5 in DZ twins 
and 1 (unity) in MZ twins. The structural equation model 
also included a family-wide environmental parameter, which 
was fixed at unity for both twin types. The family-wide envi-
ronment represents any influences (e.g., neighborhood qual-
ity and language spoken at home) that foster greater similar-
ity among reared-together siblings irrespective of genetic 
relatedness.

Results

Descriptive Statistics

Table 1 presents the means and standard deviations for the 
Rule-Breaking (Delinquent) and Aggressive Behavior sub-
scales stratified by sex across the four waves. Relative to 
female participants, male participants scored significantly 
higher on Rule-Breaking (Delinquency) at Waves 1, 2 and 
4, and significantly higher on Aggression at Waves 1 and 3.

Phenotypic cross-trait correlations across the four assess-
ments of Aggressive Behavior and Delinquent Behavior are 
reported in Table 2. Correlations within the same assess-
ment wave are moderate-to-high in magnitude (ranging from 
0.57 to 0.68). The time-lagged correlations are also positive, 
but somewhat lower in magnitude (0.28–0.47). Cross-trait, 
within-time correlations between Aggressive Behavior and 
Delinquent Behavior were stronger in magnitude than any of 
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the twelve within-trait, cross-time correlations (for the sake 
of brevity, the latter are not displayed). This underscores the 
fact that aggression and delinquency are part of the same 
antisocial construct.

Within-trait correlations between twins are presented in 
Table 3. Higher correlations for MZ twin pairs relative to DZ 
pairs indicate the presence of genetic influences on the vari-
ance of a trait. This pattern was observed for all eight indi-
ces. However, it is possible that the heritability of antisocial 
behavior differs according to the developmental trajectory 
of aggression/delinquency.

Latent Class Growth Analyses Across Waves 1–4

Rule‑Breaking (Delinquent) Behavior

A latent growth curve model without any mixture assump-
tion was first fit to the data. The slope mean was signifi-
cantly greater than zero, as were the random effects (i.e., 
variances around the intercept and slope). However, there 
was minimal covariance between the intercept and slope fac-
tors (p = 0.42); i.e., individual differences in baseline delin-
quent behavior did not predict subsequent growth. To guard 
against model misspecification, we also examined growth 
using a nonlinear weighting strategy. Specifically, we intro-
duced a quadratic factor to the growth model in addition to 
modeling the linear change (slope). (The slope loadings were 
fixed at 0, 1, 2, and 3 at the four respective waves to permit 
model identification.) Incorporating quadratic growth led to 
a poorer-fitting model, with neither the mean nor variance of 
the quadratic parameter reaching statistical significance. As 
a result, we proceeded with the LCGA using a linear-only 
model of growth.

Fit and comparison statistics for the LCGA class solutions 
are reported in Table 4. Neither the AIC nor SABIC reached 
a trough, but rather showed progressive improvement as the 
number of classes increased. Nonetheless, improvement 
considerably slowed once the number of extracted classes 
reached three or four. Based on the LMR likelihood ratio 

Table 1   Descriptive statistics for rule-breaking (delinquent) and 
aggressive behavior

Significant mean differences across sex are flagged as * p < 0.05 or ** 
p < 0.001

Males
Mean (SD)

Females
Mean (SD)

Rule-breaking (delinquent), 9–10 years** 1.53 (1.86)
n = 589

1.08 (1.46)
n = 624

Rule-breaking (delinquent), 11–13 years* 1.43 (1.91)
n = 414

1.12 (1.72)
n = 454

Rule-breaking (delinquent), 14–15 years 1.73 (2.43)
n = 565

1.49 (2.56)
n = 589

Rule-breaking (delinquent), 16–18 years* 1.61 (2.19)
n = 457

1.31 (1.90)
n = 476

Aggressive behavior, 9–10 years** 6.37 (5.35)
n = 589

5.28 (5.21)
n = 624

Aggressive behavior, 11–13 years 5.12 (5.19)
n = 414

4.75 (5.14)
n = 454

Aggressive behavior, 14–15 years* 5.36 (5.67)
n = 565

4.63 (5.30)
n = 589

Aggressive behavior, 16–18 years 3.72 (4.31)
n = 457

3.89 (4.02)
n = 476

Table 2   Phenotypic correlations for rule-breaking (delinquent) and 
aggressive behavior

All correlations are significant at p < 0.01

Delinquent behavior

Ages 9–10 Ages 11–13 Ages 14–15 Ages 16–18

Aggressive behavior
  Ages 9–10 0.63 0.41 0.35 0.28
  Ages 

11–13
0.43 0.68 0.42 0.35

  Ages 
14–15

0.37 0.47 0.67 0.38

  Ages 
16–18

0.31 0.36 0.37 0.57

Table 3   Twin correlations for rule-breaking (delinquent) and aggressive behavior

DZ dizygotic, MZ monozygotic, OS opposite sex
a p > 0.01

Aggressive behavior Delinquent behavior

Ages 9–10 Ages 11–13 Ages 14–15 Ages 16–18 Ages 9–10 Ages 11–13 Ages 14–15 Ages 16–18

MZ males 0.62 0.72 0.74 0.52 0.63 0.76 0.85 0.65
MZ females 0.53 0.71 0.72 0.41 0.63 0.68 0.88 0.70
DZ males 0.38 0.23a 0.11a 0.10a 0.42 0.47 0.46 0.38
DZ females 0.44 0.38 0.43 0.30 0.51 0.65 0.48 0.45
DZ OS 0.41 0.52 0.51 0.29 0.30 0.48 0.56 0.41
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test, a three-class solution was tenable. This is indicated by 
the non-significant p-value of the neighboring 4-class model 
(p = 0.27).

The three subgroups that emerged can be described as 
Low-Level Delinquent (low but stable rule-breaking across 
development), Non-Delinquent (abstainers who refrain from 
all antisocial activity), and Persistent Delinquent (childhood 
onset with adolescent escalation). The latter unsurprisingly 
had the smallest class size (comprising 9.9% of individuals). 
Developmental trajectories based on expected class member-
ship from this 3-class model are plotted in Fig. 1. The distri-
bution of delinquent subgroups demonstrated significant sex 
differences (χ2 = 25.8, df = 2, p < 0.001). Specifically, there 
were nearly twice as many males as females in the Persistent 
Delinquent group (66% vs. 34%).

One may question our characterization of the elevated 
class as “persistent”, given that levels of delinquency nearly 
doubled for this subgroup between preadolescence and age 
14–15. Due to the theoretical importance of an adolescent-
onset trajectory, we probed more complex solutions for evi-
dence of such a class. Inspection of the four-class solution 
revealed a putative Late Onset (adolescent onset/transitory) 
subgroup that showed a similar intercept as “low-level” 
delinquents. However, this “late onset” class was marked by 
a slope that ran parallel to the slope of the now-reduced “per-
sistent delinquent” class. The “persistent” subgroup exhib-
ited twice as much delinquent behavior as the supposed “late 
onset” class at age 14–15. Because the latter is essentially a 

milder (lower-intercept) variant of Persistent Delinquent, it 
did not seem advisable to select a four-class solution. Moreo-
ver, the Persistent Delinquent class size would be rendered 
unrealistically small (3.9%) if we had sought to isolate a pure 
adolescent-onset subgroup in the 4-class solution.

Aggressive Behavior

A baseline latent growth model was fit to the four waves of 
data. The slope mean was significantly negative, indicat-
ing that Aggressive Behavior decreases with age. Unlike for 
delinquent behavior, there was a strong inverse relationship 
between the intercept and slope factors (p = 0.001). Children 
with higher baseline levels of aggression tended to show 
steeper decreases over time. A growth curve model specify-
ing both linear and quadratic change was untenable.

Results from the LCGA model-fitting are detailed in 
Table 5. The fit criteria (AIC and SABIC) did not show any 
stabilization in improvement across the range of solutions 
tested. Rather, the values were in continuous freefall as the 
number of classes increased (see Table 5). The outcome of 
the LMR likelihood ratio test, however, suggested that a 
three-class solution was viable (p = 0.29).

These classes could be described as Non-Aggressive, 
Moderately Aggressive, and Highly Aggressive. The latter 
subgroup showed a notable decrease in aggressive behavior 
during late adolescence, although levels remained substan-
tially above those of the other subgroups. Mean aggression 

Table 4   Model fitting of 
delinquent behavior, Waves 1–4

P model parameters, LRT Lo–Mendell–Rubin likelihood ratio test, AIC Akaike Information Criterion, 
SABIC sample-size adjusted Bayesian Information Criterion

# of latent groups # of free P. LRT
p-value

AIC SABIC Class breakdown
N (%)

None 4 15,854.27 15,862.91
Two groups 7 0.0000 13,226.92 13,242.03 Class 1: 361 (23.5)

Class 2: 1172 (76.5)
Three groups 10 0.0000 12,771.45 12,793.02 Class 1: 152 (9.9)

Class 2: 711 (46.4)
Class 3: 670 (43.7)

Four groups 13 0.2696 12,690.59 12,718.65 Class 1: 60 (3.9)
Class 2: 668 (43.6)
Class 3: 667 (43.5)
Class 4: 138 (9.0)

Five groups 16 0.3500 12,661.43 12,695.96 Class 1: 417 (27.2)
Class 2: 13 (7.4)
Class 3: 346 (22.6)
Class 4: 67 (4.4)
Class 5: 590 (38.5)

Six groups 19 0.3761 12,634.81 12,675.82 Class 1: 346 (22.6)
Class 2: 85 (5.5)
Class 3: 14 (0.9)
Class 4: 73 (4.8)
Class 5: 391 (25.5)
Class 6: 624 (40.7)
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scores are plotted according to individuals’ most likely class 
membership in Fig. 2. The distribution of aggressive sub-
groups demonstrated significant sex differences (χ2 = 7.3, 

df = 2, p = 0.03), mainly on account of the larger male mem-
bership in the Highly Aggressive class (57% vs. 43% female).

0

1

2

3

4

5

6

7

8

W 1 W 2 W 3 W 4

Persistent Delinquent (n=152)

Low Level Delinquent (n=670)

Non-Delinquent (n=711)

Fig. 1   Expected developmental trajectories of delinquent behavior across ages 9–10 to 16–18 years

Table 5   Model fitting of 
aggressive behavior, Waves 1–4

P model parameters, LRT Lo–Mendell–Rubin likelihood ratio test, AIC Akaike Information Criterion, 
SABIC sample-size adjusted Bayesian Information Criterion

# of latent groups # of free P. LRT
p-value

AIC SABIC Class breakdown
N (%)

None 4 31,146.68 31,155.31
Two groups 7 0.0000 24,183.28 24,198.39 Class 1: 942 (61.4)

Class 2: 591 (38.6)
Three groups 10 0.0004 22,730.07 22,751.65 Class 1: 700 (45.7)

Class 2: 584 (38.1)
Class 3: 249 (16.2)

Four groups 13 0.2909 22,361.71 22,389.76 Class 1: 375 (24.5)
Class 2: 433 (28.2)
Class 3: 110 (7.2)
Class 4: 615 (40.1)

Five groups 16 0.0942 22,084.02 22,118.55 Class 1: 92 (6.0)
Class 2: 445 (29.0)
Class 3: 351 (22.9)
Class 4: 190 (12.4)
Class 5: 455 (29.7)

Six groups 19 0.1415 21,901.81 21,942.82 Class 1: 19 (1.2)
Class 2: 217 (14.2)
Class 3: 483 (31.5)
Class 4: 383 (25.0)
Class 5: 144 (9.4)
Class 6: 287 (18.7)
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Inspection of the four-class model revealed a very unin-
teresting pattern of trajectories. The subgroups simply dif-
fered with respect to the intercept (baseline); there was little 
separation in terms of the slope. With further probing, a 
Desisting (decreasing) subgroup emerged in the five-class 
solution. Members of this class possessed a moderately high 
aggression baseline, with levels eventually approaching 
those of the Non-Aggressive subgroup by late adolescence. 
However, the five-class solution led to a fuzzier classifica-
tion of individuals into classes (i.e., entropy values were 
substantially lower than for the three-class and four-class 
solutions). The inclusion of more classes only led to ever-
finer divisions of the low/moderate/high aggressive groups.

Demographic Covariates

Gender is not the only demographic characteristic known to 
correlate with antisocial offending. Prior literature indicates 
that socioeconomic disadvantage as well as belonging to a 
Hispanic or Black ethnic/racial group pose an increased risk 
for juvenile delinquency. Thus, there is reason to hypoth-
esize that low socioeconomic status and an ethnic minor-
ity background are disproportionately represented among 
Low-Level and Persistent Delinquents. The present sample 
is ideally suited to evaluate these variables, given the pro-
nounced sociocultural diversity of communities in Southern 
California.

Family socioeconomic status (SES) was based on a com-
posite of both parents’ educational levels and current occu-
pational status [55] as well as household income. Details 

regarding the computation of this SES factor are provided 
elsewhere [56]. Ethnic/racial background of twins was deter-
mined through the race and Hispanic status of the children’s 
biological parents, as reported by the primary caregiver. If 
the mother and father belonged to different racial groups (or 
were multiracial themselves), then the twin offspring were 
coded as ‘Mixed’.

Demographic characteristics of the subgroups extracted 
from the optimal three-class solution are presented in 
Table 6. The various ethnic/racial groups were not equally 
distributed across the three subgroups of Delinquent 
Behavior (χ2 = 37.6, df = 8, p < 0.001). Notably, white non-
Hispanic participants were overrepresented among Non-
Delinquents, while Hispanic participants were underrepre-
sented among this subgroup.1 On the other hand, ethnic/
racial status was not significantly associated with Aggressive 
Behavior trajectories (χ2 = 12.2, df = 8, p = 0.14). Socioeco-
nomic status appeared to differentiate the Non-Delinquent 
and Non-Aggressive classes from all other classes. Accord-
ingly, we computed two dummy variables for each antiso-
cial construct, in which the low-level/persistent delinquent 
subgroups and moderately/highly aggressive subgroups 
were compared to their respective (non-antisocial) reference 
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Fig. 2   Expected developmental trajectories of aggressive behavior across ages 9–10 to 16–18 years

1  The validity of this analysis hinges on the assumption that each 
ethnic/racial group contains a similar (~ 50%) proportion of males. 
In practice, Asian-American participants were skewed towards males 
(67%), whereas the other groups were 47–51% male. Despite this sex 
imbalance, Asian-American participants were especially unlikely to 
be classified as Persistent Delinquents.
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group. The regression of SES on these dummy variables was 
significantly negative (ps < 0.001), indicating lower SES in 
the higher-risk antisocial classes.

Shared Twin Liability for Antisocial Trajectories

The genetic and environmental etiologies of the various 
classes were next examined. Calculations of heritability are 
based on the tetrachoric correlations, i.e., correlations of 
liability for latent group membership between Twin 1 and 
Twin 2. Tetrachoric correlations and the attendant herit-
ability coefficients are reported in Table 7. Correlations of 
liability for Persistent Delinquency were markedly higher 
in MZ twins than DZ twins (0.85 vs. 0.51). (The lower DZ 
correlation is not due to within-pair heterogeneity in gender; 
the tetrachoric correlation for opposite-sex twin pairs was 
in fact higher than the correlation for DZ same-sex pairs.) 
For the low-risk delinquent subgroups, the tetrachoric cor-
relations were almost equally high between MZ and DZ 
twins. Substantial heritability (67%) was thus only found 
for Persistent Delinquency, whereas genetic influences were 

non-significant for the other two delinquency subgroups 
(heritability ranged from 3 to 16%). Family-wide environ-
mental factors are accordingly protective against delin-
quency and implicated for low-level delinquency.

We decomposed the tetrachoric correlations into genetic 
and environmental sources for the three subgroups of 
Aggressive Behavior. In all cases, the MZ tetrachoric cor-
relation was significantly higher than that for DZ pairs 
(see Table 7), yielding moderate heritability coefficients 
(39–46%). This supports the idea that genetic influences 
span the entire continuum of risk for aggressive behavior.

Discussion

A primary goal of the present study was to uncover some 
of the commonly theorized trajectories of delinquent and 
aggressive behavior from previous work. We used a devel-
opmentally rich dataset of caregiver observations from the 
Child Behavior Checklist. Measures of antisocial behavior 
were available on up to four occasions, when twin offspring 

Table 6   Demographic composition of delinquent and aggressive behavior subgroups

SES family socioeconomic status (z-score)

Class Male (%) White (%) Hispanic (%) Black (%) Asian (%) Mixed (%) SES
M (SD)

Delinquent behavior
 Non-delinquent 44.2 33.8 29.4 13.8 4.6 18.3 0.20 (1.02)
 Low level 51.9 25.6 40.3 11.1 4.4 18.6 − 0.16 (0.97)
 Persistent 65.8 23.7 37.5 22.4 1.3 15.1 − 0.14 (0.88)

Aggressive behavior
 Non-aggressive 46.4 31.7 30.1 14.3 5.2 18.8 0.19 (1.02)
 Moderately 50.0 28.2 37.5 12.5 3.7 18.1 − 0.07 (0.99)
 Highly 56.6 26.2 39.1 14.5 3.2 16.9 − 0.16 (0.92)

Table 7   Tetrachoric twins correlations and heritability estimates

Standard errors are listed after the plus-minus signs; 95% confidence intervals around the heritability estimates are enclosed in brackets

Rule-breaking (delinquent) behavior

Non-delinquent Low-level Persistent

 MZ twins (n = 333 pairs) 0.77 ± 0.05 0.62 ± 0.06 0.85 ± 0.06
 DZ twins (n = 433 pairs) 0.76 ± 0.04 0.54 ± 0.06 0.51 ± 0.10
 Heritability 3% [0%, 27%] 16% [0%, 50%] 67% [23%, 100%]

Aggressive behavior

Non-aggressive Moderate High

 MZ twins (n = 333 pairs) 0.62 ± 0.06 0.46 ± 0.07 0.69 ± 0.08
 DZ twins (n = 433 pairs) 0.43 ± 0.07 0.23 ± 0.03 0.46 ± 0.08
 Heritability 39% [3%, 75%] 46% [33%, 59%] 45% [1%, 89%]
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were between ages 9–10 and 16–18. We used latent class 
growth analysis (LCGA) to identify distinct antisocial 
subgroups.

Results revealed that the developmental course of aggres-
sive behavior may not be amenable to a qualitative concep-
tualization. Based on various fit criteria and inspection of 
class solutions, our LCGA uncovered a generic pattern of 
high, moderate, and low subgroups. For example, we did not 
find compelling evidence for a desisting/childhood-limited 
subtype of aggression. Furthermore, it was difficult to detect 
a pure adolescent-onset subtype of delinquency. While some 
of our class solutions presumably captured these trajectories, 
there was weak empirical justification for them based on 
class size considerations and interpretability.

A second goal of this investigation was to estimate the 
genetic liability for the various trajectories. We found that 
delinquent and aggressive subgroups appear to have different 
genetic and environmental etiologies. It reinforces the notion 
that antisocial behavior is a complex heterogeneous phe-
nomenon. Below we discuss key findings with respect to the 
latent class structure of delinquent and aggressive behavior.

Delinquent Behavior

For delinquent behavior, three trajectories were identified 
from ages 9–10 to 16–18: Low Level Delinquent, Non-
Delinquent, and Persistent Delinquent. Non-delinquents rep-
resented the largest class and were characterized by higher 
socioeconomic status and an increased likelihood of having 
a non-Hispanic white background. The Persistent Delinquent 
class was predictably in the minority, comprising approxi-
mately 10% of participants. Its members were already anti-
social at baseline and showed an escalating pattern of delin-
quent behavior during adolescence. An adolescent-onset 
subgroup was explored but appeared to be a milder variant 
of the Persistent Delinquent trajectory. That is, the two sub-
groups were characterized by the same increasing slope but 
with very different intercepts. It was not possible to explore a 
“late bloomer” class [15], as our data did not extend beyond 
ages 16–18.

A prior analysis of antisocial behavior from ages 7 to 
32 years identified four developmental trajectory groups, 
including life-course persistent, adolescent-onset, low level, 
and childhood limited groups [24]. The authors operational-
ized antisocial conduct using a combination of aggressive 
and non-aggressive items, which limits direct comparison 
with our results. At any rate, Odgers et al. [24] identified 
a decreasing (childhood-limited) group, whereas we could 
not identify such a trajectory. Our findings are partially in 
line with Moffitt’s developmental taxonomy, which pre-
dicts a Persistent Delinquent group [14] and, more recently, 
Low Level Delinquent and Non-Delinquent groups [25, 
29]. Differences between the present findings and prior 

research—notably our lack of an “adolescent-onset” class—
could be due to the compressed age range of the present 
sample as well as dependence on caregiver-reported data. 
Previous studies, where such a trajectory has often borne 
out, typically incorporated self-reports of antisocial behavior 
in adolescence.

Aggressive Behavior

The various classes of aggressive behavior that emerged 
were distinguishable by different baseline levels rather than 
distinct slopes/trajectories. Three trajectories were identi-
fied: Non-Aggressive, Moderately Aggressive, and Highly 
Aggressive. The ethnic/racial breakdown did not signifi-
cantly differ across the three subgroups, although member-
ship in the Non-Aggressive subgroup was associated with 
higher socioeconomic status. We did not find evidence of an 
Increasing (adolescent onset/transitory) subgroup for aggres-
sive behavior, which accords with previous research [28, 
34, 35]. Rather, we observed a decreasing trend in aggres-
sion over time, such that all classes were characterized by 
lower scores at age 16–18 than at baseline. This is consistent 
with children’s typical decline in aggressive behavior as they 
mature [22, 35, 57, 58].

Similar to previous work, we identified Low Aggressive 
and Moderately Aggressive subgroups [34, 58]. Di Giunta 
et al. [34] identified four aggressive behavior trajectory 
groups from self-reports (low stable, moderate-low declin-
ing, moderate declining, and high stable), and three trajecto-
ries from mothers’ ratings (low declining, moderate declin-
ing, high stable). Furthermore, Côté et al. [58] found three 
groups based on data collected from the child’s primary 
caregiver: low desisters, moderate desisters, and high stable.

Notwithstanding these prior findings, we are not con-
vinced that the developmental course of aggression is opti-
mally represented by distinct subgroups/trajectories. This 
opinion resonates with the conclusions of Walters [31], who 
surmised that antisocial behavior exists on a continuum, in 
which individuals differ in degree rather than kind. The fact 
that a similar degree of genetic influence was present across 
the continuum of risk for aggressive behavior supports the 
idea that aggression conforms to a dimensional rather than 
qualitative structure.

Genetic and Environmental Etiologies

Previous research has found that delinquent and aggres-
sive behaviors have different underlying genetic and envi-
ronmental etiologies. Delinquent behavior is influenced by 
genetic factors as well as family-wide environmental effects, 
whereas aggressive behavior seems to primarily be influ-
enced by genetic factors [18, 43]. Results from our liabil-
ity threshold twin models confirmed these observations, 
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but with an important twist. The magnitude of genetic and 
environmental influence apparently differs depending on the 
delinquent subgroup. Genetic influences were significant 
for Persistent Delinquency but were negligible for the Low-
Level Delinquent and Non-Delinquent subgroups. Concord-
ance for the latter was mainly attributable to family-wide 
environmental effects.

Liability for persistent delinquency was highly heritable. 
Due to its relatively small class size, the heritability coef-
ficient (67%) was statistically indistinguishable from 100%. 
The finding that Persistent Delinquency is especially influ-
enced by genes is consistent with earlier work (e.g., Lyons 
et al. [40]). By contrast, twin modeling indicated that genetic 
effects were uniform in magnitude across all aggressive 
behavior subgroups; heritability coefficients ranged from 
39 to 46%.

Limitations

A few limitations of the present study must be considered 
when interpreting our findings. First, we had patterns of 
attrition across the four waves related to our aggression 
variable. Specifically, our analyses indicated that those 
who ceased participating in our study exhibited initially 
higher levels of aggression, but not delinquent behavior. 
Second, the Aggressive Behavior subscale is overly broad. 
It measures other aspects of negative emotionality, not just 
aggression. Perhaps this explains why we get muted sex dif-
ferences. Third, we relied on parent-report data, as youth 
self-report data only became available starting at Wave 3 
(14–15 years old). Although use of parent-report data is able 
to paint a more complete developmental picture, parents may 
have limited information regarding their children’s antisocial 
activities, specifically regarding delinquent behavior [59]. 
Parents rated both of their twin offspring at the same time, 
which may have led to inflated estimates of familial aggre-
gation of antisocial behavior. Finally, our participants were 
16–18 years old at the last assessment. Thus, it is possible 
that the low-level/non-delinquent subgroups contain indi-
viduals who have yet to reach their “potential” as antisocial 
late-bloomers [15, 60].

Summary

Genetically informative designs can uniquely clarify the 
etiology of various subtypes and trajectories of antisocial 
behavior. Prior studies have typically been unable to char-
acterize the broad genetic and environmental structure of 
these developmental trajectories. In a community sample 
of 1532 twin youth, we used growth mixture modeling to 
uncover distinct classes of aggressive and delinquent behav-
ior from ages 9–10 to 16–18. An optimal three-class solu-
tion emerged for both aggressive behavior and delinquent 

behavior. Threshold models indicated that genetic contribu-
tions to liability to the Aggressive Behavior subgroups—
Non-Aggressive, Moderate, and High—were consistently 
moderate in magnitude.

There was greater etiological heterogeneity among the 
Delinquent Behavior subgroups: Non-Delinquent, Low-
Level, and Persistent. Twin concordance for the two lower-
risk subgroups was not significantly attributable to genetic 
factors. However, it appears that persistent delinquency 
represents an etiologically distinct class of rule-breaking 
with strong genetic roots (heritability = 67%). The ‘per-
sistent delinquents’ that we identified may be on a similar 
developmental track as the life-course persistent offenders 
and “continuous antisocials” described by Moffitt [14] and 
DiLalla and Gottesman [15]. This has important implica-
tions for understanding the nature of severe, pervasive pat-
terns of rule-breaking behavior. Temperamental factors and 
other inherited vulnerabilities may contribute to persistent 
delinquency, whereas family-wide environmental factors 
(e.g., parental monitoring) may confer general protection 
against delinquency.
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