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Background. There have been no systematic reviews that investigated the heritability of the two-factor model of
psychopathy: interpersonal-affective and behavioral. Our review aimed, first, to examine the heritability of general
psychopathic traits and, second, if genetic influences were suggested, to determine the heritability of various traits
related to the interpersonal-affective and behavioral factors of psychopathy.

Method. A systematic literature search was conducted using articles from the PsycINFO, Embase, Global Health,
Medline, PubMed, Web of Science, and Scopus databases (January of 1980 to December of 2015) in order to identify
eligible literature that reported on the heritability of psychopathy-related traits. Papers were also found via manual
examination and reference tracking. Papers were subjected to exclusion criteria and quality appraisal. We identified a
total of 24 studies.

Results. Our results were grouped into three categories: general, interpersonal-affective, and behavioral. All these
areas demonstrated modest to high heritability. The highest heritability values were found in studies investigating
callous-unemotional behaviors.

Conclusions. Heritability was found for all the psychopathic traits. Future research should include endophenotypic
approaches that explore gene—environment correlations, which could aid in identification of the behavioral phenotype
that is most amenable to early intervention by way of moderation of genetic risk.
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Introduction and expectations.” Clinical accounts have defined three

distinct aspects of psychopathy: interpersonal, affective,

The definition of “psychopathy” is quite varied. Hare' and behavioral.

describes it as “a constellation of affective, interpersonal, Similar themes involved in this definition are evident

and behavioral characteristics, including egocentricity; in the Hare Psychopathy Checklist (PCL),3 which is now

impulsivity; irresponsibility; shallow emotions; lack of
empathy; guilt, or remorse; pathological lying; manip-
ulativeness; and the persistent violation of social norms
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a commonly used semistructured interview employed
to assess the traits of psychopathy, initially used in
correctional settings. The criteria can be grouped into a
two-factor model, where factor 1 relates to interpersonal-
affective traits and factor 2 to behavioral traits.

Factor 1 is subdivided into two facets. Facet 1 focuses
on four interpersonal traits, including superficial charm,
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grandiose sense of self-worth, pathological lying, and
manipulativeness. Facet 2 highlights four affective traits,
including lack of remorse or guilt, shallowness of
emotions, callousness, and failure to accept responsi-
bility for one’s actions. Factor 2 is also split into two
facets related to social deviance: impulsive lifestyle and
antisocial behavior. The facet related to impulsive
lifestyle includes five traits: need for stimulation, para-
sitic lifestyle, lack of realistic long-term goals, impulsiv-
ity, and irresponsibility. The five traits included in
the antisocial behavior facet include: poor behavioral
control, early behavioral problems, juvenile delinquency,
revocation of conditional release, and criminal versati-
lity.* The PCL was developed based on the 16 qualities of
psychopathy described by Cleckley in 1941.

Cleckley’s work on psychopathy was recognized in the
DSM-5, where it forms the basis for the diagnostic
criteria for antisocial personality disorder (ASPD). Under
the diagnostic features of ASPD in the DSM-5, the
pattern of “disregard for, and violation of, the rights of
others that begins in childhood or early adolescence and
continues into adulthood” is also referred to as
psychopathy.®

The two-factor model of psychopathy has received
criticism both on theoretical and empirical grounds, and
research has shown that alternative assessments may be
of increasing value in clinical settings.” For example, in
response to insufficiencies of the two-factor model, a
three-factor hierarchical model was developed that
describes psychopathy as a superordinate factor under-
pinned by three factors: “arrogant and deceitful inter-
personal style, deficient affective experience, and
impulsive and irresponsible behavioral style.”* This
revised model arguably assesses psychopathy in a more
specific and theoretically coherent manner.® While the
strengths of these models have been acknowledged, the
two-factor model has been found to be the most clinically
relevant, as it is largely employed in criminal justice
settings and by mental health services, and therefore has
been utilized as a basis for the present review.

Only a proportion (40-70%) of those with childhood-
onset conduct disorder progress to antisocial personality
disorder in adulthood.’ Epigenetics is an evolving area of
research that refers to heritable changes in gene
expression that do not involve changes in the underlying
DNA sequence. It describes activation or inactivation of
genes leading to a change in phenotype without a change
in genotype, and these changes can be influenced by
external or environmental factors. The complex interac-
tion between genes and environmental influences may
play an important role in the future of research into
psychopathic behavior.

Although the interpersonal-affective and antisocial
behavior traits of psychopathy have been extensively
observed, there is a need for associated research
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exploring their genetic and environmental causes. This
may be due to the antisocial trait of psychopathy being
preferentially addressed when investigating behavior-
based phenotypes, limiting any investigation into the
etiology of interpersonal-affective traits.'® The risk to
society inherent in antisocial behaviors is a possible
reason why these behaviors have been of great interest in
the research literature. Half of the most serious crimes
are committed by individuals who have psychopathic
personality traits, who in turn also have a higher risk for
recidivism than other offenders.'! It is therefore impor-
tant to understand the genetic underpinnings and
etiology of psychopathic traits in order to plan appro-
priate intervention strategies for “at-risk” individuals.

The present review was aimed at examining all
accessible data regarding the genetic associations of
psychopathic behavior in order to: (1) examine the
genetic influences of general psychopathic traits, and
(2) determine which specific psychopathic trait shows
the strongest genetic link. These traits could be factor 1
interpersonal-affective traits or factor 2 behavioral traits.
We could not find any systematic review that addressed
the question of which facet of psychopathy has the
strongest genetic link. The presence of these at-risk
genes has the potential to allow clinicians to identify
these traits in individuals and to consider appropriate
interventions.

Methods

Literature search

The PsycINFO, Embase, Global Health, and Medline
databases were searched using the Ovid SP interface.
The keywords used in the search were: “Psychopath®
AND Gene* AND Heritability AND Behavioral OR
behavioral OR interpersonal-affective OR affective OR
interpersonal OR callous-unemotional.”

These keywords were employed in different combina-
tions, with some words being truncated so as to not limit
the search (indicated with an asterisk). Duplicates within
the Ovid multisource search were removed by combining
the sets and selecting the “has abstract” option. PubMed
and Web of Science were also used to search the same
sets of terms, limited to “title and abstract” and “topic,”
respectively. The Scopus database was also examined
under “title, abstract, and keywords” in order to search
for previously missed papers.

All seven databases were searched in two waves during
November of 2014 and December of 2015. All methods
were held constant between the waves. Searches were
limited to English-language publications dating from
January of 1980 through to December of 2015. The
searches were enhanced by manual examination through
reference tracking and direct recommendations.
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Study selection: inclusion and exclusion criteria

The results of the keyword search were filtered by
abstract using an inclusion/exclusion process. The
inclusion criteria required that studies be concerned
with humans subjects, that publications were available in
English, and that the design was a twin study involving
a specific behavior phenotype. In addition, clear herit-
ability values of the behavioral traits within study results
needed to be present.

The following exclusion criteria were applied. Where
a full published text and methodology were unavailable,
the data were not used from conference publications.
Studies with a sample size smaller than 50 participants,
metaanalyses, case studies, and literature reviews were
also excluded.

Full-text articles were obtained if the abstract was
insufficient for the two independent researchers to
determine whether the study met our inclusion/exclu-
sion criteria.

Quality appraisal and data extraction

The quality of papers was evaluated by two independent
researchers who applied the STROBE criteria for
observational studies, which include a 22-item check-
list."> One point was awarded for every criterion that was
met, and those studies that scored below 65% were
excluded from the review. Most of the excluded papers
had insufficient explanations of their methodologies and
inadequately reported outcome data. A flowchart of the
study selection process is depicted in Figure 1.

Data were manually extracted from the full text of
each of the studies selected for our review that were
related to the following variables: study location, sample
size, length of study, participant age and gender,
diagnostic criteria, study type, and outcome results
relevant to the heritability of behavioral traits.

7

227 studies found through
database searching

153 studies found with an
abstract following
deduplication

5 further studies found
through manual search

.

40 full-text studies eligiblet
according to
inclusion/exclusion criteria

22 studies excluded
following quality appraisal

18 studies eligible for inclusion
in systematic review

FIGURE 1. Methodology flowchart.
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Papers that were eligible for review were then
subcategorized into three groups: general psychopathic
traits, interpersonal-affective, and behavioral. Those
studies that examined psychopathy as a broad construct,
or as several different psychopathic traits that could
not be exclusively included in the other categories, were
grouped together as “general psychopathic traits”
studies. Interpersonal-affective studies were those that
investigated the heritability of traits in terms of both the
interpersonal and affective facets, as outlined above. The
traits of the facets related to social deviance and
antisocial behavior were categorized under “behavioral
traits.”

Results

When looking at the results presented in the included
papers, heritability estimates were described as moderate
or high. Moderate heritability was defined as values that
ranged from 0.2 to 0.5, and heritability values >0.5 were
considered high or significant (see Tables 1-3).

General psychopathic trait studies

Six studies provided heritability estimates related to
psychopathy as a broad construct and were therefore
categorized under “general psychopathic traits.”

Using the Multidimensional Personality Question-
naire (MPQ), one studylo found that MPQ “fearless
dominance” and “impulsive antisociality” demonstrated
comparable heritability, ranging from 0.46 to 0.52 for
both males and females. The associations of these
behaviors were assessed with such environmental risk
factors as family, school, peers, and stressful life events.
MPQ impulsive antisociality was strongly associated with
each risk factor, with stronger gene—environment asso-
ciations than for MPQ fearless dominance.

Both the genetic and environmental risk factors for
borderline personality disorder (BPD) were investigated
in a study'® that explored the heritability of the nine
criteria for BPD as assessed in the DSM-IV. These
criteria were subdivided into the following dimensions:
interpersonal, impulsivity, affective, and self-image—
thereby covering a number of psychopathic traits. One
general factor strongly influenced all nine criteria and
had a heritability of 0.55. With the exception of one
criterion (unstable and intense relationships), which was
categorized under the interpersonal dimension, the
other criteria were heavily influenced by environmental
factors, with five criteria having genetic effects that were
zero or negligible.

The genetic influences of two broad aspects of
psychopathy (impulsivity/antisocial behavior and inter-
personal detachment/callousness) were investigated in
adolescent male twins. Heritability was found to be 0.23
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TABLE 1. General psychopathic traits

First author and
publication date

Trait focus

Population

Sample size

Diagnostic tool

Heritability

Beaver ef al. (2011)®

Bezdijan et al. (2011)*

Hicks et al. (2012)'°

Reichborn-Kjennerud
et al. (2013)"°

Spatola et al, (2007)"

Taylor et al. (2003)*

Psychopathic personality traits

Psychopathic personality traits:
callous/disinhibited and
manipulative/deceitful

Fearless dominance and impulsive
antisociality

Risk factors for symptoms of borderline
personality disorder (BPD)

Affective problems, anxiety problems,
attention-deficit/hyperactivity
problems, oppositional defiant
problems, conduct problems

Impulsivity/antisocial behavior and
interpersonal detachment/
callousness

Participants of National Longitudinal
Study of Adolescent Health

Twins and triplets aged 9-10

Adolescent twin pairs from the
Minnesota Twin Family Study
(MTFS); data collected at age 17

Norwegian Institute of Public Health
Twin Panel

Italian twins aged 8 to 17 years

Minnesota Twin Family Study, aged
10-12 and 16-18

307 monozygotic (MZ) twin pairs and
452 dizygotic (DZ) twin pairs

1,219 twins and triplets

2,604 twins (1,238 male, 1,365 female)

2,794 twins

398 twin pairs

First sample: 142 MZ and 70 DZ twin
pairs

Second sample: 128 MZ and 58 DZ
pairs

Constructed Adulthood Psychopathy
Personality Traits Scale derived
from a five-factor model (FFM)

Child Psychopathy Scale (CPS)

Multidimensional Personality
Questionnaire (MPQ)

Structured Interview for DSM—IV.

Personality assessed by the nine
criteria for BPD.

Child Behavior Checklist (CBCL)
DSM-oriented scales (DOS)

Minnesota Temperament Inventory (MTI)

0.37 and 0.44 of the variance in measures of psychopathy
due to genetic factors; presence of gene—environment
correlations between parental negativity and genetic
risk for psychopathic personality traits

Callous/disinhibited: 0.64 in boys, 0.49 in girls.

Manipulative/deceitful: 0.46 in boys, 0.58 in girls; no
shared environmental influences.

Fearless dominance: males 0.46, females 0.45.

Impulsive antisociality: males 0.52, females 0.48.

1 highly heritable general BPD factor influenced all 9 BPD
criteria: 0.55.

2 additional common liability factors mainly reflecting
affective and interpersonal dimensions: 0.293 and
0.022.

Affective 0.63

Anxiety 0.54

Attention deficit/hyperactivity 0.56

Oppositional defiant problems 0.61

Conduct problems 0.71

Antisocial 0.23

Detachment 0.42

‘Tv 17 INYNYHO 'S <€


https://doi.org/10.1017/S109285291700027X

HERITABILITY OF SPECIFIC PSYCHOPATHIC TRAITS 33

w
8 =
a3
=1l 8
= o L ©
=R £
> @ E
S & o ]
'5&‘“ L6
= o =
= © ¢ =
= S o =
0 - <
o I = =
S =
s = D
o — =
s o L =
g E S 2
o S S
g w D2 =
© 2 ExS o o 5 =
=
s S B9 =28 [
S 2 o S S S s 2
> o B0 TN g
£ 3 4 5 — o (LI IE=a
= = @
s = @ + + 1 g =+
= B0 S 5%’%‘:: o o 8 o
= = >
= + = ° a5 8L LL 8L
b o> = o a 0O o b =53
== o< == =< < T < T <
= o oo
=1 =< =3
E=7) = =
oo By L = =
£ g @ < <
S 8 = o = =
g5 S8 = =
£ c = — —
3585% 5 5
o= I [ [
Q= 9 8 = o a0
L2325 = =
8 s2 S & s [
e = <=
s8¢ B B
= =@ E g8 = =
S S @ 5 » © = =
= 2= E € IS e
k) Z g E S = = =
2 E 88 v o v v
g S2ES ¢ 2 2
= =
50 8 s == S S
2 = 3 3 3
a = = = =
£
E - =
=
3 oy =2 =
=4 g S =
o ©Bb 2 =
. -
S+ = s £ .
S = o S ® ¥
=3 @ o 2D
+ = £ E = Q
=2 = © v o @ S = 3@ |
o =< S £ £ = 2 <T3
£ = = = = © T s 5 Q
= 5 5 — © L 5
© © S S &
L 2 o o m o <
® s = SR RPN w o £ T
N a o S R <=e 8 8 S © S
> c o — — & 2 LS aw
@ £ £ it s s s 8 cg
= = = N s o 28 = 8 & £ =
=4 £ 2 —~ == S$S IS TES
£ ©0 w0 o L T2
< IS R=] o oo B0 S S oo
P2 < = < < & fi= =]
®
o0
< o
) ©
© = vo
— =< =<
= = o = o
= < <
s Y 8 Pl
- % »
= s = s =
= = £
= =
= E = E =
— o = o 2
= =& £ =5
3
2 &0 EE 2 £ E
= © o S 2
= =4 — e
= © = E = E
= = - o~ - =
g 2 E 287 23
= : = < <
= O =
= s = S T & 2 T
2 k) E=] == = o
S - =] = =
= ~ a = =
= g = =
o = S = =
o o =3 S )
= = %] 7] =
= = = = S
=S = = = =
= < s . £
=
e 2 E ° 520
% S o
= 2 < 2 L= g
s = = s S = s
== = = ===
© 5 = < < 1=
23 @ 2 2 s =
o s 2 = = S S = 2
= = » oo = = B =
s 2= g= 2 =
5 < £ & SZZ
L 22 g 5 2 5 £ 8%
2 B 7S 3F 13 288§
Z e g = g5 25 E
S B3 2 = 2 = S S S 8 2
= =] < = < <
S = ) << S (&)
b
©
= >
=] —
g ® = S bS] S
= S S >
=3 = S S =] =
s I g g g
= S S S S S S5
: IEE s
— P
e = = s = T T
L s =2 =3
— = <) o =4 =4
== 5o =] = = =
i = E} H] k=) =]
—_ [ p = ) > =>

AB/CU-=0.36

https://doi.org/10.1017/5109285291700027X Published online by Cambridge University Press

for antisocial behavior and 0.42 for detachment, with no
shared environmental influences.'®

Another group'? investigated the gene—environment
correlations between psychopathic personality traits and
negative parenting and found that between 0.37 and
0.44 of the variance in measures of psychopathy were
due to genetic factors.

A further study found significant heritability for
both callous/disinhibited and manipulative/deceitful
behavior using the Child Psychopathy Scale (CPS)
subscale in both boys and girls aged 9-10 years, ranging
from 0.49 to 0.64 and 0.46 to 0.58, respectively.

All studies related to psychopathy as a broad
construct demonstrated moderate heritability. However,
they all highlighted that such environmental influences
as parenting, stressful events, and school also contribute
to the variance in measures of psychopathy.

Interpersonal-affective studies

Of the four studies that provided heritability estimates
for interpersonal-affective traits, one®’ focused on
anxious-depressive (AD) and withdrawn behavior (WB).
This study reflected on both interpersonal and affective
traits: anxious-depressive traits were categorized under
an affective feature of personality, whereas withdrawn
behaviors led to deficiencies in interpersonal behavior.
The study found heritability estimates of 0.40 for AD and
0.55 for WB, with no gender differences.

Three studies'?-?!?? focused on the affective aspects
of psychopathic traits. All studies except one measured

2021 and one' employed

behavior using teacher ratings,
specific questions from the Antisocial Process Screening
Device (APSD) and the Strengths and Difficulties
Questionnaire (SDQ). These three studies related to
callous-unemotional (CU) traits in various contexts, and
all demonstrated moderate to significant heritability.
One'? examined the heritability of CU traits with and
without anxiety and yielded estimates in children with
CU traits and anxiety and with CU traits alone of 0.66
and 0.76, respectively.

The other two studies explored CU traits in antisocial
behavior (AB) at age 7,>' and then at age 9.>* At age 7,
the heritability estimate for AB in those children with
CU traits (AB/CU+) was 0.81, and 0.30 in those without
(AB/CU-).2! At age 9, heritability estimates were 0.75
for AB/CU+ and 0.53 for AB/CU- children. The latter
study also reported heritability estimates with controlled
hyperactivity symptoms that were 0.71 for AB/CU+ and
0.36 for AB/CU- children.*”

Interpersonal-affective traits were found to have
modest to high heritability. These results support the
notion of a strong genetic vulnerability for the develop-
ment of callous-unemotional traits, whether in the
presence or absence of anxiety and antisocial behavior.
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TABLE 3. Behavioral traits

First author and
publication date

Trait focus

Population

Sample size

Diagnostic tool

Heritability

Anokhin et al. (2009)%

Anokhin et al. (2015)%*

Burt et al. (2012)%°

Derks et al. (2004)%

Eley et al. (2003)?

Malone et al. (2014)2

Tuvblad et al. (2009)%°

Young et al. (2009)%°

Risk taking

Delay discounting (a potential
endophenotype for externalizing
psychopathology)

Aggressive and nonaggressive
antisocial behavior

Aggressive, oppositional, overactive,
withdrawn, and anxious/depressed
behavior

Aggressive and nonaggressive
antisocial behavior (ASB)

P3 amplitude (candidate
endophenotype for disinhibitory
psychopathology)

Reactive and proactive aggression

Behavioral disinhibition assessed using
measures tapping substance use,
conduct disorder, ADHD, and novelty
seeking

Adolescent twin pairs at age 12 and
then at age 14

Adolescent twin pairs at age 16 and
then at age 18

Child twins from Michigan State
University Twin Registry, aged 6-10
years

3-year-old Dutch twins

1,232 twin pairs aged 8-9 and 13-14
years from the Swedish Twin
Registry

Twin pairs and their families from
participants of the Minnesota Center
for Twin and Family Research

Twin pairs from the University of
Southern California (USC) Twin
Study of Risk Factors for Antisocial
Behavior

Adolescents at ages 12 and 17

169 MZ and 203 DZ twin pairs

134 MZ and 142 DZ twin pairs

312 twin pairs

9,689 twin pairs

1,232 twin pairs

4211 individuals: 2,439 adolescents
and 1,772 adults from 1,637
families

607 twin pairs and 9 sets of triplets

293 same-sex twin pairs

Balloon Analogue Risk Task (BART)
administered at age 12 and then at
age 14

Computerized delay discounting task at
age 16 and then at age 18

Child Behavior Checklist (CBCL) rated
by parents

Child Behavior Checklist (CBCL) rated
by parents

Child Behavior Checklist (CBCL) rated
by parents

Begleiter-rotated heads task used to
elicit event-related potentials
(ERPs) measured using EEG
recordings

Reactive and Proactive aggression
Questionnaire (RPQ) completed by
parents

Executive function assessed with
laboratory-based cognitive tasks

Modest but significant heritability in both sexes at age 12
(male 0.28, female 0.17). At age 14, increases to 0.55 in
males and becomes nonsignificant in females.

Significant heritability of delay discounting using two
different measures: area under discounting curve: 46
and 62%; k = 35 and 55% at ages 16 and 18,
respectively.

Aggressive antisocial behavior 0.68 (additive and non-
additive in origin).

Nonaggressive antisocial behavior 0.50 (largely additive in
origin).

Variation in behavioral problems shows high heritability.
Additive genetic factors account for majority of genetic
influences in all syndromes except for overactive
behavior, where dominant genetic factors were found to
be important.

In childhood: aggressive ASB is highly heritable (0.60),
whereas nonaggressive ASB has a heritability of 0.49.

In adolescence: aggressive and nonaggressive ASB showed
similar heritability of 0.46 and 0.44, respectively.

P3 amplitude: DZ twins 0.387, MZ twins 0.636.

Reactive aggression: 0.26 at 9-10 years, 0.50 at 11-14
years

Proactive aggression: 0.32 at 9-10 years, 0.50 at 11-14
years

Age 12:

substance use 0.58, conduct disorder 0.70, ADHD 0.41,
novelty seeking 0.50.

Age 17:

Substance use 0.20, conduct disorder 0.49, ADHD 0.51,
novelty seeking 0.28.
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Behavioral traits

Nine of the studies reviewed dealt with the behavioral
facet of psychopathic behavior. Four of them?®->627-2
focused on the heritability of aggression as measured
using the Child Behavior Checklist (CBCL) or the
Reactive and Proactive aggression Questionnaire (RPQ),
which were completed by parents.

Aggressive antisocial behavior had a heritability
rating of 0.68, both additive and nonadditive in origin,
whereas nonaggressive antisocial behavior had a rating
of 0.50 that was largely additive in origin.>® Aggressive
antisocial behavior was found to be a stable heritable
trait, as the continuity in aggressive antisocial behavior
from childhood to adolescence was largely mediated by
genetic influences, whereas continuity in nonaggressive
antisocial behavior was mediated by both genetic and
shared environment influences. In childhood, heritabil-
ity values for aggressive and nonaggressive antisocial
behavior were 0.60 and 0.49, respectively. In adoles-
cence, genetic and shared environment influences
accounted for similar proportions of variances in both
forms of antisocial behavior (0.46 and 0.44, respec-
tively).?” Another study®® reported that heritability
estimates for both types of aggression increased to 0.50
in the 11-14 age group (from 0.26 and 0.32, respectively,
in the 9-10 age group).

Other behavioral studies focused on behavioral disin-
hibition measured using various laboratory-based cogni-
tive tasks.”®*° Behavioral disinhibition was assessed using
measures that gauged substance abuse, conduct disorder,
attention-deficit/hyperactivity disorder (ADHD), and
novelty seeking at ages 12 and 18. These results showed
that behavioral disinhibition had high heritability and was
dominated by ADHD and conduct problems at 12 years of
age. At the age of 17 years, the contribution of the four
components was more balanced, with a smaller propor-
tion of variance being attributable to genetic influences
and additional variance being due to shared environmen-
tal influences.>® Another study®® examined the heritabil-
ity of P3 amplitude (a possible endophenotype for
disinhibitory psychopathology) and reported a heritability
estimate of 0.64 in monozygotic (MZ) twins.

Risk-taking behavior was examined using the Balloon
Analogue Risk Task (BART), a computerized procedure
modeled on the real-world risk of balancing the potential
for reward versus loss. One study>® reported modest but
significant heritability for both males and females at age
12, while at age 14 this value increased to 0.55 in males
and became nonsignificant in females.

Delay discounting, a reduction in the subjective value
of reward with increasing delay until its receipt, is an
established behavioral model of impulsivity. Greater
delay discounting (a tendency to choose smaller immedi-
ate over larger delayed rewards) has been implicated as a

https://doi.org/10.1017/5109285291700027X Published online by Cambridge University Press

potential endophenotype for externalizing psychopathol-
ogy, particularly in adolescence. Two measures were
employed to quantify delay discounting, and genetic
analyses revealed significant heritability for both: herit-
ability values using the area under the discounting curve
method were 0.46 and 0.62, and, using the £ coefficient
method, 0.35 and 0.55 at ages 16 and 18, respectively.>*

The heritability values for such behavioral traits as
aggression, behavioral disinhibition, risk-taking beha-
vior, and impulsive behavior all ranged from moderate to
high, while exhibiting variation by age and gender due to
environmental influences.

Discussion
General psychopathic trait studies

The studies in this group highlighted the complexity of
the contributions of genetic and environmental influ-
ences to various psychopathic traits. Levels of impulsiv-
ity were shown to be highly heritable, whereas the
interpersonal dimension exhibited a modest genetic
influence in a study that looked at the DSM-IV criteria
for BPD.'® Differences in heritability values were
explained by variation in environmental influences,
which were also shown to influence the etiology of
primary (factor 1 affective-interpersonal features) and
secondary (factor 2 social deviance) psychopathy in a
study'® that found similar heritability in both genders for
both types. However, the differential environmental
correlates of each type of psychopathy in this study were
due to gene—environment interactions rather than the
direct effect of genes and environmental risk factors.'?

When assessing whether or not different psychopathic
traits have mutual genetic etiologies, only half of the
genetic variance in detachment/callousness could be
attributed to genetic influences that were associated with
impulsivity/antisocial behaviors. This suggests that these
two dimensions of psychopathy may have independent
underlying biological pathways.'?

There is thus evidence of gene—environment correla-
tions, but further research is required to show if these
correlations are passive or evocative, or a combination of
the two.'® These studies found significant genetic and
non-shared, but no significant shared, environmental
influences. There was incomplete overlap in the etiology
of callous/disinhibited and manipulative/deceitful traits,
which indicates that the two traits may be related, but it
also distinguishes them as two separate factors.'®

Interpersonal-affective traits

The importance of genetic contributions to interpersonal-
affective traits was highlighted in the studies belonging to

this group. The majority of studies'**"** that looked at
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interpersonal-affective traits focused specifically on CU
traits, all of which suggested high heritability and
insignificant effects of the shared environment. Children
with both anxiety and CU traits showed higher levels of
adjustment difficulties at age 7 compared to those with
CU traits alone, with no difference with respect to
parenting characteristics. These studies supported the
notion of a strong genetic vulnerability in the develop-
ment of CU traits in children with and without high levels
of anxiety or antisocial behavior.

The influence of age on heritability was demonstrated
in the remaining study®® that looked at interpersonal-
affective traits. The heritability of withdrawn behavior
increased with age, peaking at 0.45 at age 16. Similarly,
heritability for anxious-depressive behavior peaked at age
14 at a value of 0.67. The influence of age on heritability
can be explained by gene expression being influenced by
hormonal changes during puberty, which influences the
risk of developing these personality traits in those
individuals who are genetically susceptible. Shared envir-
onmental influences have a diminishing influence after
the age of 12 for both anxious-depressive and withdrawn
behaviors. Future research will need to identify the age-
specific risk factors, either genetic or environmental,
something that would aid in facilitating different ther-
apeutic interventions for children of different ages.

Behavioral traits

The contributions of genetic, shared, and non-shared
environmental factors to various behavioral traits were
examined by all studies in this group. In particular,
aggressive behaviors demonstrated varying levels of genetic
influence, with genes playing an important role in the
aggressive dimensions of antisocial behavior,2® and in both
reactive and proactive aggression during early adolescence.
The continuity from childhood to adolescence in
aggressive antisocial behavior was largely influenced by
genetic factors. In comparison, continuity in nonaggres-
sive antisocial behavior resulted from both genetic and
shared environmental factors. This suggests that the
genetic influences in childhood for aggressive antisocial
behavior either set up a series of events that led to similar
behavior in adolescence or that these genes continued to
have a direct effect on behavior across this age range.”
Both genetic and non-shared environmental factors
were attributed to the stability of reactive aggression,
whereas the continuity in proactive aggression was mainly
attributed to genetic factors. Genetic influences became
increasingly important in both types of aggression during
early adolescence. The evidence pointed to an etiological
distinction between these two types of aggression. This
implies that the genetic distinction between the two forms
of aggression becomes more important as children develop,
and that the environmental effects become more important
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as children develop from middle childhood to early
adolescence. A possible explanation for this observed
pattern is the relationship to the gene—environment
correlation: as the child grows older, they may actively
seek out environmental situations that are more closely
matched to their genotype. The design of this study*® may
lead to active gene—environment correlations ending up as
part of the heritability estimate, thereby contributing to
increasing genetic influence in adolescence. The existence
of gene—environment interactions are highlighted by these
studies and indicate an important contribution to the
research on behavioral psychopathic traits.

Many studies in this group highlighted that discovering
specific endophenotypes may be of great value in under-
standing the etiology of psychopathic behaviors. An
example of such an endophenotype is “response inhibi-
tion,” which is more closely related to behavioral disin-
hibition than other executive functions. This was found to
be largely genetic in origin at the ages of 12 and 17, and it
may point toward an important endophenotype under-
pinning the genetic risk for disinhibitory psychopathy.*
However, there was no significant association between
individual single nucleotide polymorphisms (SNPs) and
endophenotypes, supporting the findings of a polygenic
model, with complex traits reflecting the involvement of
numerous individual SNPs.*® Large sample sizes are
required to detect traits that conform to this type of
model, which may be difficult to obtain due to the expense
of collecting psychophysiological data.® Other promising
endophenotypes have been found to be related to risk
taking® and impulsivity.>> Modest heritability estimates
of risk-taking behaviors suggest that the likelihood of risk
taking, using BART measures, can be a valuable endo-
phenotype. However, the usefulness of this endopheno-
type may be restricted to males due to gender differences
in heritability.>® The heritability values for two quantita-
tive measures of delay discounting (DD) suggest thatitisa
promising endophenotype that can be employed in the
genetic research of impulsivity in such conditions as
conduct disorder. However, the analysis focused on a
limited age range (16—18 years), and it is therefore unclear
whether genetic influences on DD will change in the
transition from adolescence to adulthood.>*

The potential role for endophenotypes in genetic
research for behavioral psychopathic traits has been
highlighted by these studies, although there are limita-
tions related to gender and age, which may indicate a
direction for future research on endophenotypes.

Limitations

The quality-appraisal process was aimed at minimizing
bias. However, as only papers in the English language
were selected, our review may have been limited by
publication bias. The influences of gender and age were
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not addressed consistently across the papers, and this
might constitute two confounding factors that may have
affected our review. Many of the studies focused on
children and adolescents, while very few examined
similar traits in adults. A lot of the studies employed
specific samples, and their findings could not be
extended to a more general population. It is recognized
that a quantitative metaanalysis would be a highly
desirable method for exploring this research question.
However, the relative scarcity of papers in this subject
area led us to the conclusion that a qualitative review
would have been more appropriate for our paper. With
further development of this field, a metaanalysis might
well be possible in the future, which we would strongly
recommend. Overall, a substantial issue was the paucity
of studies on the interpersonal and affective domains of
psychopathy, as well as a lack of replicated findings using
similar diagnostic tools. This is certainly an area for
further research.

Conclusions

The etiology of psychopathy can be broken down into
different aspects that describe different phenotypes of
behavior. The advantage of separating psychopathic traits
when studying the etiology of psychopathy is that it allows
one to consider phenotype-specific interventions rather
than treating psychopathy as a unitary construct. How-
ever, there was a scarcity of papers in both the
interpersonal and affective domains, so that future
research in these areas would enhance our understanding
of the etiology of these psychopathic behaviors.

Two areas that were highlighted as important for future
research in psychopathic behavior included (1) exploring
gene—environment correlations and (2) moving toward an
endophenotypic approach. Endophenotypes are heredi-
tary characteristics that are normally associated with a
condition but not with a specific symptom. The strength of
an endophenotype is in its ability to distinguish between
potential diagnoses that present with similar symptoms.
Future research should explore the gene-environment
interplay associated with these specific traits of psycho-
pathy so that environmental adjustments can be imple-
mented in the most effective way for those who have
“at-risk” genes. It is possible that the genetic risk can be
moderated by positive environmental influences, which
could make up part of a clinical intervention as well as
become an important part of prognostic calculations.

The studies in our review suggest evidence for a
genetic influence in both the factor 1 (interpersonal-
affective) and factor 2 (behavioral) traits of psychopathy.
An improved understanding of the etiology of psycho-
pathic traits could assist in the development of interven-
tional programs designed to address psychopathic
behaviors.
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