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Antisocial behavior and psychopathic traits are subject to complex patterns of inheritance, gene-
environment interactive effects, and powerful environmental influences. Yet genetic factors are im-
portant in the etiology of antisocial behavior and psychopathic traits, and identifying youth with an
elevated genetic risk may lead to improved interventions and preventive efforts. Additionally,
research revealing the importance of gene-environment interactions in the development of antisocial
behavior and psychopathic traits should be harnessed to promote more rehabilitative, developmen-

tally appropriate policies to benefit youth in the juvenile justice and social welfare systems.
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Society has long looked to genetics to explain deviant
human behaviors. More recently, legal systems have
sought to use genetic research to account for violent
and antisocial acts." Many have raised concerns that
research into the genetic roots of antisocial behavior
and psychopathic traits could be misinterpreted and
misconstrued, possibly reducing individuals to their
genetic profiles, oversimplifying complex patholo-
gies, and fueling beliefs in “genetic determinism.”'~®
The risk of overstating genetic findings might lead
individuals to be labeled inaccurately and inappropri-
ately, possibly subjecting them to unfounded fear,
stigma, and bias.”® Due in part to such concerns,
the concept that genetic factors underlie antisocial behav-
iors and psychopathic traits has been controversial.®

An extensive body of research has established
that genetic influences are important in the etiol-
ogy of antisocial behavior and psychopathic traits,
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but studies have yet to identify the specific genes
and biological mechanisms involved.””'* While
there have been a few exceptions, research on
genetic factors generally has been limited by small
sample sizes and difficulties defining the study
populations.”''*'* Moreover, environmental
influences and gene—environment interactions
play a powerful role in the development of antiso-
cial behavior and psychopathic traits.

There may be a benefit in identifying individuals
with an elevated genetic risk for antisocial behavior
and psychopathic traits with the goal of using this in-
formation to guide interventions and preventive
efforts. An expanded understanding of the impact of
environmental factors on the expression and behav-
ioral manifestations of genes may lead to improved
interventions to curtail the development of antisocial
behavior and psychopathic traits. Further, research
revealing the importance of gene—environment inter-
actions in the development of antisocial behavior and
psychopathic traits may encourage expanded sup-
ports and more rehabilitative policies for youth in
the juvenile justice and social welfare systems.

Diagnoses and Constructs

In adults, antisocial behavior is most often associ-
ated with antisocial personality disorder and psycho-

66 The Journal of the American Academy of Psychiatry and the Law


mailto:alexandra.junewicz@nyulangone.org

Junewicz and Billick

pathy. Antisocial behaviors are those that disregard
and violate the basic rights of others."” Antisocial per-
sonality disorder is a pervasive pattern of such behav-
jor and is marked by deceitfulness, impulsivity,
irritability, aggression, consistent irresponsibility, lack
of remorse, a reckless disregard for the safety of one-
self or others, and a failure to conform to social norms
with regard to lawful behaviors.'”” While antisocial
behavior and antisocial personality disorder are
defined by observable characteristics, psychopathic
traits consist of affective and interpersonal qualities.
Psychopathic traits include a lack of empathy, shallow
emotions, lack of remorse, grandiosity, glibness, and
conning, deceptive behaviors.'® Psychopathy is distin-
guished by the presence of such traits and is observed
in a subset of adults with antisocial personality disor-
der."” Unlike antisocial personality disorder, psychop-
athy is not a DSM-5 diagnosis; rather, it is a
construct deriving from the conceptualization set
forth by Cleckley in The Mask of Sanity."® The pres-
ence of psychopathy is most often established on
the basis of an assessment of psychopathic traits
with the Hare Psychopathy Checklist.'”"”

In youth, antisocial behaviors are part of the diag-
nostic criteria for conduct disorder, which is charac-
terized by a constellation of repetitive and persistent
behaviors involving aggression toward people or ani-
mals, destruction of property, deceitfulness or theft,
and serious violation of rules."” Conduct disorder has
been conceptualized as a neurodevelopmental disor-
der, and some believe that its manifestations repre-
sent one step in a developmental progression of
antisocial behavior.>®*? For example, it is believed
that oppositional defiant disorder may represent a de-
velopmental precursor to conduct disorder, and that
conduct disorder may represent a developmental pre-
cursor to antisocial personality disorder.'*%**
Indeed, evidence of conduct disorder prior to the age
of 15 years is required to diagnose antisocial person-
ality disorder in adults, consistent with theories that
these conditions reflect patterns of antisocial behav-
ior that evolve throughout development and across
the lifespan. There is evidence that the point at
which antisocial behavior emerges during develop-
ment may predict its persistence and severity.
Moffitt>* proposed a developmental taxonomy of
antisocial behavior, which classified conduct disorder
as either “childhood-onset” or “adolescent-onset,”
and as either “life-course persistent” or “adolescence-
limited.” Youth with conduct disorder that begins in

childhood and persists throughout life exhibit more
severe symptomatology, as well as a greater risk for
various antisocial behaviors and mental health prob-
lems in adulthood, including psychopathic traits,
mental illness, substance dependence, violent crimes,
and violence against women and children.®?°

Approximately 50 percent of youth with conduct
disorder are further characterized by “limited proso-
cial emotions,” also known as callous-unemotional
traits. Youth with conduct disorder and callous-
unemotional traits are considered by some to have
the childhood equivalent of psychopathy.'®!"1>2%24
Authors have argued that the identification of cal-
lous-unemotional traits and the possible emergence
of psychopathy in children present an opportunity
for early intervention and prevention.>~** Others
have raised concerns about the application of the psy-
chopathy construct to youth, however, noting that
certain “psychopathic traits” are common at certain
developmental points, such as adolescence.®***

Antisocial behaviors and psychopathic traits dur-
ing childhood do not always persist into adulthood.
It is estimated that antisocial personality disorder
develops in only half of youth with childhood-onset
conduct disorder.*'®'" Similarly, studies have indi-
cated that callous-unemotional traits have stability
coefficients of 0.5 to 0.7 over four to nine years."
Psychopathy may be even less likely to persist
throughout the lifespan. A study by Lynam ez al.
revealed that psychopathy at age 13 accounted for
only 10 percent of the variance in psychopathy at age
24.”® The fact that 90 percent of the variance was
unexplained by history of psychopathy at age 13
indicates that other factors contribute to the develop-
ment of psychopathy in adulthood.

Exploring Genetic Roots

Antisocial behaviors and psychopathic traits may
reflect genetic factors that are subject to complex
mechanisms and pathways.”*” Genetic factors may
lead to antisocial behaviors and psychopathic traits
via their effects on biological systems, such as brain
structure, neural function, and the physiologic stress
response. For example, there is evidence that a
genetic polymorphism that affects oxytocin function-
ing is associated with increased right amygdala reac-
tivity and antisocial behavior.>® Studies have also
reported smaller posterior and right dorsal anterior
cingulate gyrus volumes in individuals with psycho-
pathic traits, a difference that has been found to be
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moderately heritable.””?" Genetic variants affecting
serotonergic and enzyme function have been associ-
ated with increased amygdala threat responses and
increased aggressive behavior, and it has been sug-
gested that other genetic variants might lead to
decreased amygdala threat responses and psycho-
pathic traits.'’ Such evidence indicates that one’s
genetic profile may have biological sequelae that
shape the individual’s developmental trajectory.

Candidate gene studies and genome-wide associa-
tion studies have sought to identify specific genes
that underlie antisocial behavior and psychopathic
traits. While candidate gene studies investigate indi-
vidual genes hypothesized to be associated with a
given trait, genome-wide association studies search
the whole genome to identify genetic polymorphisms
more common across a group with a given trait. To
explore the genetic roots of antisocial behavior and
psychopathic traits, these methods have examined
several genes that affect the functioning of serotonin
and dopamine.'®'>*

While there is some dispute, several studies have
implicated the monoamine oxidase A enzyme
(MAO-A), the catechol-O-methyltransferase enzyme
(COMT), and the sodium-dependent serotonin and
dopamine transporter genes in antisocial behav-
ior.'133735 In 2 meta-analysis by Ficks and
Waldman,? polymorphisms of the MAO-A and se-
rotonin transporter gene were each associated with
aggressive or antisocial behavior in youth. Various
genes that affect dopamine neurotransmission and
availability have been associated with externalizing
behaviors, including the dopamine receptor 4 and 5
genes (DRD4 and DRDY5), the dopamine transporter
1 gene (DATI), and the COMT gene.”*® Several
other genes have been associated with aggressive and
externalizing behaviors in youth, including genes
involved in gamma-aminobutyric acid (GABA) neu-
rotransmission and hormones that drive social behav-
iors, such as oxytocin and Vasopressin.13 -21,34,38,39

Despite some conflict among results, studies of
youth with callous-unemotional traits and adults
with psychopathic traits have implicated genes
involved in the serotonin and dopamine systems,
including polymorphisms of the genes for COMT,
MAO-A, and the serotonin transporter.”!*?>3*3>
For example, several studies have reported that indi-
viduals homozygous for the long allele of the sero-
tonin transporter gene exhibit psychopathic features,
including reduced response to threat in the

amygdala, impaired fear conditioning, reduced corti-
sol reactivity, increased risk-taking behavior, and an
impaired ability to make decisions based on reward
and punishment.”” Other genes implicated in psy-
chopathy are involved in amygdala responsivity to
threat and stress, learning and reward activity, and
cannabinoid functioning.” Additionally, there is evi-
dence for genes and single nucleotide variants
involved in the oxytocin system, which influences
amygdala activity and is associated with social bond-
ing and recognition of social cues.”?’

Ascertaining the Impact of Genes

Studies have attempted to ascertain the impact of
genetic influences on antisocial behavior and psycho-
pathic traits. Twin studies attempt to parse out the
relative contributions of genetic and environmental
factors to a given trait by comparing identical and
non-identical twins in similar and dissimilar environ-
ments.>*” Genetic factors may be additive, meaning
that they have a cumulative effect in contributing to
a trait. Shared environmental factors refer to those
that are shared between both twins, such as socioeco-
nomic status and parental discipline. On the other
hand, nonshared environmental factors refer to those
that are unique to each twin, such as peer group.
While twin studies are subject to limitations, the
power of the twin study approach lies in its ability to
distinguish the relative contributions of additive
genetic factors versus shared and nonshared environ-
mental factors.

Heritability is a measure of the variation that may
be attributed to genetic factors in a given environ-
ment. Heritability estimates can be misleading and
are easily misinterpreted. Heritability is often misun-
derstood as a purely genetic construct. Yet even
when heritability is high, environmental factors still
shape phenotype, as the heritability of a trait depends
on its environmental variance.” Moreover, high her-
itability implies neither genetic determinism nor that
an individual’s phenotype will be known once the
genotype is known.” Certain traits may be more her-
itable in more favorable environments, or at certain
ages and developmental stages.2 For example, in a
population with universal good parenting practices,
positive peer group influences, and no meaningful
environmental risk factors for antisocial behavior, the
heritability of antisocial behavior would likely be
high.
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While there is some dispute, most studies indicate
that callous-unemotional traits in youth have higher
heritability than conduct disorder alone.®!*13204041
According to a comprehensive review of 50 years of
twin studies by Polderman et a/,** approximately 40
to 50 percent of the variance in liability to conduct
disorder is due to genetic influences. According to a
recent systematic review of 24 twin studies by Moore
et al.,’ the heritability of callous-unemotional traits is
likely between 36 and 67 percent. While Viding ez
al® found a 67 percent heritability of callous-
unemotional traits in a twin study of seven-year-old
children, this high figure likely stems from the use of
a selected sample with extreme callous-unemotional
traits.” Heritability estimates of conduct disorder
symptoms increase over time from childhood to ado-
lescence.'®'® While this may reflect difficulties in
detecting early conduct problems, this also indicates
that genetic influences on conduct disorder change
with developmental stage and age. Salvatore and
Dick suggest that this may be due to “new genes
coming ‘online,”” or the emergence of new genetic
influences during development (Ref. 13. p 93).

Likewise, in adults, psychopathy appears to have
higher heritability than antisocial personality disorder
alone. According to a meta-analysis of 51 twin and
adoption studies by Rhee and Waldman,'? additive
genetic influences contribute 32 percent and nonad-
ditive genetic influences contribute nine percent to
the heritability of antisocial behavior. Heritability
estimates for psychopathy are slightly higher, ranging
from 40 to 60 percent.'>'®*” There is evidence that
additive genetic factors contribute 49 percent to the
heritability of psychopathy.** Other studies have
looked at individual psychopathic traits.”” For exam-
ple, studies have estimated the heritability of “fearless
dominance” to be 45 to 51 percent, and the herit-
ability of “impulsive antisociality” to be 32 to 49

percent.45’46

Genetics, Complexities, and Unknowns

While genes are important in the development of
antisocial behavior and psychopathic traits, studies
have not yet localized individual genes or determined
the mechanisms by which they might affect biology
and development. The associations that have
emerged account for only a small fraction of the var-
iance in antisocial behavior and psychopathic traits.'
This may in part be related to research limitations,
such as small sample sizes and difficulty defining

study populations. As samples with tens to hundreds
of thousands of individuals are needed to identify
genetic variants, the small sample sizes of several
studies have limited their ability to answer the scien-
tific questions at hand.'® Consequently, studies have
been plagued by relatively small effect sizes and a lack
of sufficient power.>>'*!**! Moreover, efforts to
define study populations have been limited by the
use of individual self-report rather than diagnoses, as
well as by the inherent heterogeneity of the condi-
tions associated with antisocial behaviors and psycho-
pathic traits.”'® For example, it has been estimated
that 32,000 different symptom groﬁles can qualify
for a conduct disorder diagnosis."

Genetic influences represent only one factor
within a complex etiology and often vary in their
connection to behavior. Given the polygenic nature
of psychiatric disorders, the contribution of any sin-
gle gene may be small. Indeed, specific individual
genes are believed to play a very minor role in con-
duct disorder, callous-unemotional traits, antisocial
personality disorder, and psychopathy, as an array
of genes shape a single trait.”' =14

The Power of the Environment

Despite the importance of genetic factors in the
development of antisocial behavior and psychopathic
traits, environmental factors play a powerful
role.'*?3848 Approximately 50 percent of the var-
iance in antisocial behaviors and psychopathic traits
in children and adults stems from prenatal, perinatal,
familial, neighborhood, and other environmental fac-
tors.”'? In their review of twin studies, Polderman ez
al*? reported that approximately 14 to 30 percent of
the variance in conduct disorder is due to shared
environmental factors. Moreover, many studies es-
tablish that nonshared environmental factors, such as
peer relationships, play a critical role in the etiology
of callous-unemotional traits in youth, and in antiso-
cial personality disorder and psychopathy in
adults.”1¢?*43% Indeed, these findings highlight
that antisocial behavior and psychopathic traits do
not result from genes and biology alone.

Environmental factors can operate to increase a
youth’s risk for conduct disorder and callous-unemo-
tional traits at several points across the lifespan.
Evidence suggests that maternal smoking, alcohol
use, drug use, stress, and anxiety during pregnancy
can increase the risk that a child will develop conduct
problems in later years.'"™® After birth, obstetric

Volume 49, Number |, 2021 69



Preempting Development of Antisocial Behavior and Psychopathic Traits

complications, malnutrition, exposure to heavy met-
als, parental psychopathology, deviant peer groups,
poverty, low socioeconomic status, and exposure to
community violence confer an increased risk for anti-
social behavior and callous-unemotional traits among
youth.'>*® Parent—child conflict and negative par-
ent—child interactions, such as maltreatment, malad-
aptive parenting, and harsh, inconsistent, coercive
discipline have been particularly strongly associated
with youth conduct problems.'>*°

The mechanisms by which environmental factors
alter a youth’s development, predisposing to antiso-
cial behavior and psychopathic traits, are complex.
Environmental factors can lead to lasting neurodeve-
lopmental effects by affecting neurocognitive func-
tions.”” For example, maternal smoking and stress
during pregnancy affect the development of the
amygdala, ventromedial prefrontal cortex, and other
neural structures.”® The impact of environmental
factors may also vary based on a child’s individual
traits.”® For example, a child’s level of stress reactivity
may determine the response to harsh, inconsistent,
or coercive parenting.”

Genes and the Environment, Intertwined

The interplay between genetic and environmental
factors can be difficult to ascertain. Genetic and envi-
ronmental influences often correlate with each other,
given that the biological parents often determine
both the child’s genes and environment." For exam-
ple, children of parents with antisocial personality dis-
order may be more likely to be subject to harsh
discipline, maltreatment, inconsistent supervision, or
lack of warmth and affection, all of which can lead to
an increased risk of conduct disorder in childhood
and antisocial personality disorder in adulthood.”
Furthermore, genetically influenced predispositions
can lead individuals to seek out certain environments,
and genetically influenced behaviors can promote cer-
tain environmental responses.'” For example, Kendler
et al’" describe the manner in which genetic factors
may drive youth to socialize with deviant peers, lead-
ing them to develop antisocial behaviors that subse-
quently become reinforced by social influences.

Genetic and environmental factors can interact to
moderate or amplify each other’s effects. Several
studies have suggested that the impact of genetic
influences on conduct disorder varies based on envi-
ronmental factors, such as urban versus rural resi-
dency, greater versus less parental monitoring, and

higher peer deviance.'? A study by Caspi et a/>* pro-
vides a quintessential example of this effect. They
found that maltreated children with low levels of
MAO-A expression were far more likely to develop
antisocial behavior, and that this gene—environment
interaction between low levels of MAO-A expression
and maltreatment accounted for 65 percent of the
variability in the development of antisocial behav-
ior.”> Despite some inconsistency in efforts to repli-
cate the findings of Caspi er al,>* particularly in
certain subgroups, the interaction between MAO-A
expression and maltreatment has been one of the few
findings to hold up relatively consistently in meta-
analyses.>'*3" In other examples, variations in the
5-HTTLPR genotype interact with environmental
adversity and childhood maltreatment to moderate
the risk of antisocial personality disorder, and varia-
tions in MAO-A and 5-H7TTLPR interact with the
subtype, age of onset, and chronicity of maltreat-
ment to predict antisocial behavior.”>%>® Further,
it has been suggested that environmental factors may
have more powerful genetic interactions during certain
developmental stages, such as harsh parenting during
early childhood or deviant peer groups during
adolescence.””

Epigenetics serves as a potential mechanism for
these gene—environment interactive effects, as it ena-
bles environmental influences to make chemical
changes to DNA and thereby alter the expression of
genes, the functioning of neurons, and the behavior
of individuals. Evidence suggests that epigenetics
allows factors such as poor nutrition, neurotoxins,
and maternal care to elicit DNA modifications that
affect an individual’s stress response and dopamine
functioning, possibly leading to externalizing disor-
ders.!>?! Epigenetics is a new area of investigation,
with few studies thus far, yet relationships between
DNA methylation patterns and conduct disorder—
related symptoms and behaviors have emerged.'*'?!
Adolescent callous-unemotional traits have been
associated with oxytocin and serotonin receptor gene
methylation, which in turn has been associated with
maternal psychopathology and prenatal risk fac-
tors.”*®! Further, epigenetic regulation of genes
involved in serotonergic and neuroendocrine func-
tioning has been associated with aggression.®>®
Epigenetics thus provides a biological mechanism
whereby environmental and genetic influences can
shape each other and thereby shape developmental
trajectories and outcomes.
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Research suggests that genetics may predict the
impact of environmental factors, and thus may have a
role in predicting outcomes and responsivity to inter-
ventions. Belsky ez 2/* propose a “differential suscep-
tibility” framework wherein genetic factors afford
developmental plasticity that render an individual
more prone to poor outcomes in adverse environ-
ments and more prone to optimal outcomes in sup-
portive environments. Further, Pluess and Belsky®
propose a “vantage sensitivity” framework wherein
genetic factors render an individual uniquely able to
benefit from positive experiences. Consistent with
these theories, studies have found that the presence of
a particular variant of the dopamine receptor gene
(DRD4-7R) may predict which children will benefit
more from computer programs designed to improve
literacy.°>®” Additionally, the presence of a particular
variant of the serotonin transporter gene (5-H77LPR)
may predict which children will exhibit more problems
with externalizing behaviors in institutional settings
versus alternative settings, such as high-quality foster
care.®

Not only might genetics predict treatment out-
comes, but environmental interventions might counter-
act an elevated risk conferred by genes. Environmental
interventions can profoundly alter the trajectories of psy-
chiatric conditions with complex patterns of inheritance.
For example, cognitive-behavioral interventions that
promote stress resilience, cognitive functioning, and
social integration may prevent the development of psy-
chosis among individuals at risk for schizophrenia.””
Further, family psychoeducation, individual resilience-
focused psychotherapy, and supportive employment
have been associated with improved quality of life and
lower depression after first psychotic episodes.”” As
another example, attention-deficit/hyperactivity disorder
(ADHD) may be effectively managed with behavioral
therapies that actively involve the child, parents, and
teachers.”! Taken together, the critical importance of
gene—environment interactions, the predictive potential
of genetics, and the power of environmental interven-
tions to counteract genetic risk provide compelling evi-
dence that findings from genetic research can be
harnessed to guide interventions and facilitate improved
outcomes for antisocial behavior and psychopathic
traits.

Improving Interventions

Whereas antisocial personality disorder and psy-
chopathy in adults are generally considered untreat-

able with poor prognoses, there are several effective,
evidence-based interventions for youth with conduct
disorder and callous-unemotional traits. Psychosocial
interventions targeting various aspects of a youth’s
family, home, and social environment are the main-
stay of treatment.'’ Behavioral parent-training pro-
grams, such as the Incredible Years Program, guide
parents in fostering warm parent—child interactions
and in using positive reinforcement to promote desira-
ble behaviors in their children.'®”* Cognitive-behav-
joral skills training teaches youth social problem-
solving and self-regulation skills.'® Adolescents often
benefit from interventions that also target peer rela-
tionships and the broader social environment, such as
Multisystemic  Therapy and Functional Family
Therapy.'® While pharmacological interventions may
at times be helpful, particularly in youth with co-mor-
bid externalizing conditions like ADHD, such pro-
grams supplement psychosocial interventions, which
remain key to effecting lasting change.'"!

Interventions may prevent the progression of con-
duct problems, thereby changing a youth’s develop-
mental trajectory.'”'"**”> For example, the Perry
Preschool Project decreased future risk of criminal
behavior and offending by providing preschool-age
children with educational activities to foster their de-
cision-making and problem-solving skills, and by
providing their parents with support in reinforcing
the curriculum at home.”* While youth with callous-
unemotional traits tend to exhibit poorer treatment
responses, interventions may be enhanced for such
youth by incorporating components that promote
emotion-processing skills."” Indeed, treatment inter-
ventions that are individually tailored to a child’s
specific needs are most likely to be successful.”

In the future, findings from genetic and gene—
environment studies might be used to improve inter-
ventions. Given that antisocial behaviors and psycho-
pathic traits have complex patterns of inheritance and
are subject to gene—environment interactions, envi-
ronmental interventions might profoundly influence
their emergence and progression. The importance of
genetic factors and gene-environment interactions in
the etiology and development of these problems sug-
gests that genetic evidence might be harnessed to
design better interventions. In a broad sense, genetic
information might help predict which youth will de-
velop antisocial behavior and psychopathic traits, and
which interventions might best ameliorate the impact

of life adversity.
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Identifying the best way to utilize findings from
genetic and gene—environment studies to improve
interventions is a complicated matter. Given the
complexity of the genetic influences on antisocial
behavior and psychopathic traits, authors have sug-
gested pooling single gene findings together to create
polygenic risk scores (PRS).'® PRS scores attempt to
quantify an individual’s total “burden” of genetic
risk for a particular disorder.”” Researchers are hope-
ful that, in the future, PRS scores might provide
legitimate biomarkers for psychiatric conditions
and permit a personalized medicine approach to
their management by aiding diagnosis, targeting
preventive interventions, and predicting treat-
ment response.”®”’

There is evidence that PRS scores predict the de-
velopment of antisocial behavior and psychopathic
traits. In a recent study by Tielbeek et al,'* PRS
scores predicted antisocial phenotypes in an adult
forensic sample. Other studies have indicated that
PRS scores predict conduct problems and “uncaring”
traits in youth.”®’” PRS scores might also predict
antisocial trajectories throughout the life course. In a
recent study by Wertz e al,”® PRS scores for lower
cognitive abilities, impaired self-control, truancy,
and academic difficulties during primary school were
associated with criminal records in midlife. Further,
PRS scores might predict detrimental gene—environ-
ment interactive effects. There is evidence that PRS
scores can predict the extent to which an adverse life
event will increase the likelihood a child will develop
antisocial behavior or psychopathic traits.”” In a
recent study by Musci et al”’ youth with low PRS
scores for conduct problems who witnessed violence
during middle school were more likely to develop
aggressive, impulsive behavior than youth with low
PRS scores for conduct problems who did not wit-
ness violence during middle school. In the future,
PRS scores may help elucidate the manner in which
antisocial behavior and psychopathic traits develop
across the life span, and the manner in which genes
potentially lead to criminal offending.”®

While PRS scores for antisocial behavior and psy-
chopathic traits are currently used only in research
settings, they may prove useful in clinical settings in
the future.® PRS scores have recently shown promise
for clinical use in several medical conditions, includ-
ing screening, therapeutic interventions, and life
planning for breast cancer, heart disease, prostate
cancer, Alzheimer disease, and diabetes.”>® Indeed,

polygenic testing will likely be implemented in speci-
alized familial breast cancer clinics.®" If polygenic
testing for antisocial behavior and psychopathic traits
were to prove similarly useful in clinical practice,
such testing might help identify children with an ele-
vated biological risk. Polygenic risk scores above a
certain threshold might be considered high, and this
information might then be incorporated into algo-
rithms that include other risk factors.>® Such
approaches might enable clinicians to use informa-
tion about a child’s genes to guide prevention or
early intervention. For example, a child determined
to carry a high genetic burden for antisocial behavior
or psychopathic traits might benefit from early par-
ent-training programs, community organizations
that promote prosocial peer relationships, and
increased availability of mental health resources at
critical times, such as during the transition to adoles-
cence. Additionally, effectively communicating poly-
genic testing results to a child’s parents and other
social supports might encourage their engagement in
preventive or early intervention services.” While shar-
ing this information with family, the clinician might
highlight evidence that environmental interventions,
such as specific parenting practices with increased
positive reinforcement, can counteract the elevated
genetic risk for antisocial behavior and psychopathic
traits.”

It is possible that before they have clinical use in
the care of individual patients, PRS scores might
facilitate public health efforts to prevent antisocial
behavior and psychopathic traits. In psychiatric
research studies, PRS scores are able to differentiate
groups of individuals on a population level.*”
Currently, PRS scores are able to stratify levels of risk
for medical conditions, such as breast cancer.®' In a
similar fashion, it might become possible to use PRS
scores to stratify populations of youth into groups
with different risk levels for antisocial behaviors and
psychopathic traits, which might assist with allocat-
ing resources and preventive interventions.® For
example, public health policies and programs might
expand access to mental health services, parenting
resources, and other supports for groups determined
to have high risk for antisocial behavior and psycho-
pathic traits.

Realistically, however, the availability of polygenic
testing to predict antisocial behavior or psychopathic
traits in individual youths or in populations of youth
remains far away. PRS scores are currently unable to
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ascertain any given individual’s risk for a psychiatric
condition.*>”” Despite promising research, the pre-
dictive ability of PRS scores remains limited. In stud-
ies of psychiatric conditions, PRS scores have
accounted for less than 15 percent of variation.®
Additionally, PRS scores have been derived from rel-
atively small samples with limited ethnic diversity,
and there is significant overlap among PRS scores for
various traits and psychiatric diagnoses.””®* Further
research into the utility of PRS scores for antisocial
behavior and psychopathic traits is needed.>”

Informing Policy Changes

While research into the potential clinical and pub-
lic health applications of polygenic testing for antiso-
cial behavior and psychopathic traits continues to
advance and evolve, existing research highlighting
the importance of gene—environment interactions
should be used to advocate for expanded supports
and more rehabilitative policies for all youth. It is
well known that certain environments generally have
detrimental effects on youth and adults. For example,
incarceration leads to higher rates of psychiatric dis-
orders, substance use, and suicide, as well as increased
criminal behavior among youth.'® Additionally,
environmental interventions remain effective even
when an individual’s level of genetic risk remains
unknown. Further, psychosocial interventions to pre-
vent antisocial behavior and psychopathic traits in
certain youth might have indirect benefits for other
youth within a community. Widespread preventive
interventions might have cumulative effects within
communities, fostering an optimal environment that
benefits all youth. For example, given that prosocial
peer group influences are associated with a lower risk
for developing antisocial behavior, an intervention
that promotes prosocial behavior in one child might
indirectly benefit the child’s peers, and as more and
more youth engage in prosocial behaviors, rates of ju-
venile crime, youth trauma, and other environmen-
tal risk factors for antisocial behavior and
psychopathic traits might decline. Given the sig-
nificant influence of social factors on antisocial
behavior and psychopathic traits, the cumulative
effects of preventive interventions within com-
munities could be profound.

Moreover, the influence of gene—environment
interactions suggests that expanding environmental
interventions to benefit all youth would greatly
enhance their ability to counteract genetic risk and

prevent the emergence of antisocial behavior and
psychopathic traits. When environmental interven-
tions reach greater numbers of youth, their beneficial
impact within communities may be amplified. These
amplified benefits may then operate through gene—
environment interactions to counteract the influence
of biological factors in youth with elevated genetic
risk for antisocial behavior and psychopathic traits.
In this way, the collective impact of environmental
influences and gene—environment interactions might
preempt the development of antisocial behavior and
psychopathic traits.

Therefore, evidence of the importance of gene—
environment interactive effects should be harnessed
to advocate for expanded resources, public education
programs, and policies that support healthy child de-
velopment for all youth. Indeed, Musci et .’ note
that their research revealing the interaction between
genes and violence exposure in the development of
antisocial, impulsive behavior underscores the impor-
tance of policies and multifaceted, community-wide
prevention efforts to reduce violence. They recom-
mend societal changes and resources to benefit all
youth, such as expanding and promoting mentoring
programs, organizations that help youth establish
prosocial relationships, and opportunities for disad-
vantaged families to move to safer neighborhoods.”

Evidence of the power of gene—environment inter-
active effects should be used to advocate for more re-
habilitative, developmentally appropriate policies for
justice-involved youth. In its position paper on
reducing youth incarceration, the Society for
Adolescent Health and Medicine argues that youth
justice policies should be scientifically based and
focus on fostering healthy youth development by
providing community-based supports and building
healthy social environments for youth and their fami-
lies.®> The timing may be ripe to harness research
revealing the importance of gene—environment inter-
actions to bolster their argument. In recent years,
neuroscience research revealing biological differences
in the adolescent brain have been successfully used to
benefit justice-involved youth by supporting argu-
ments to ban the death penalty, limit the use of life
without parole, and raise the age of adult criminal
responsibility.* % Research revealing the impor-
tance of gene—environment interactions in the devel-
opment of antisocial behavior and psychopathic
traits would add to the body of science benefiting
justice-involved youth by highlighting the rehabili-
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tative potential of youth and the potential for the
environment to alter a youth’s trajectory.

Conclusion

Antisocial behavior and psychopathic traits are
subject to complex patterns of inheritance and
gene—environment interactive effects and are pro-
foundly influenced by environmental interven-
tions. Identifying youth with an elevated genetic
risk for antisocial behavior and psychopathic
traits should lead to improved interventions and
preventive efforts. Moreover, research revealing
the importance of gene—environment interactions
in the development of antisocial behavior and
psychopathic traits can and should be harnessed
to promote more rehabilitative, developmentally
appropriate policies to benefit youth, particularly
those involved in our juvenile justice and social
welfare systems. Indeed, an expanded under-
standing and awareness of underlying genetic fac-
tors and gene—environment interactions would
facilitate a larger goal of preempting the develop-
ment of antisocial behavior and psychopathic
traits.
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