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Abstract 

Objective:  In two studies, this dissertation investigated the development and etiology of 

psychopathy from a personality-based approach.  Study one examined patterns of 

continuity and change in psychopathic traits of Fearless Dominance (FD) and Impulsive 

Antisociality (IA) from late adolescence to early adulthood.  Study two tested models of 

gene-environment interplay between psychopathic traits and deviant peer affiliation 

(DPA) in late adolescence.  Method:  Both studies used a community sample of male and 

female twins from the Minnesota Twin-Family Study (MTFS).  Utilizing the older cohort 

of the MTFS, study one examined rank-order, mean- and individual-level change in self-

reported FD and IA, measured via the Multidimensional Personality Questionnaire 

(MPQ; Tellegen, in press), at ages 17 and 24.  In addition, study one employed 

longitudinal-biometric models to decompose stable and unique sources of variance across 

time into genetic and environmental contributions.  Study two used twins from both the 

younger and older MTFS cohorts at the age 17 assessments to explore whether genetic 

and environmental sources of variance in FD and IA are moderated by DPA.  Results:  

FD and IA exhibited comparable rank-order stability yet divergent patterns of mean- and 

individual-level change.  Biometric analyses observed greater genetic variance for 

stability and greater nonshared environmental variance for change over time. Biometric 

moderation was suggested for men with declining genetic effects for IA in the context of 

significant genetic correlations with DPA for both FD and IA. In women, nonshared 

environmental effects increased as a function of DPA in FD and IA.  Conclusions:  The 

results extend the growing body of developmental and behavior genetic research on 

psychopathy from a personality-based conceptualization. 
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Chapter 1.  General Introduction 

1.1 Clinical Conceptualizations of Psychopathy: Personality-Based Approaches 

Clinical conceptualizations of psychopathy (Cleckley, 1941/1976; Karpman, 

1941; McCord & McCord, 1964) have been described as personality-based 

conceptualizations such that the syndrome is viewed as a constellation of maladaptive 

personality traits (Lilienfeld, 1994).  This approach emphasizes such traits as superficial 

charm, egocentricity, guiltlessness, callousness, dishonesty, failure to form close 

emotional bonds, absence of nervousness or anticipatory anxiety, and propensity to 

externalize blame.  Clinical conceptions can be distinguished from behavior-based 

approaches to psychopathy (Spitzer, Endicott, & Robins, 1975), which emphasize the 

commission of specific antisocial or criminal acts.  For example, although Cleckley 

included evidence of behavioral deviance in his criteria (e.g., irresponsibility, poorly 

motivated antisocial behavior), he suggested that the manipulative interpersonal style and 

affective deficits of the psychopath represent core personality features that distinguish the 

syndrome from common criminality.  

In contrast to clinical perspectives, most empirical investigations of psychopathy 

have either employed a behavior-based conceptualization or have investigated the 

construct within forensic settings using the Psychopathy Checklist-Revised (PCL-R; 

Hare, 1991, 2003), a semi-structured interview which entails both criminal behaviors and 

clinician ratings of psychopathic traits.  Factor analyses of the PCL-R have traditionally 

revealed two latent, correlated factors (Harpur, Hare, Hakstian, 1989).  Factor 1, a 

dimension of interpersonal-affective traits, captures several of the core personality 

features described by Cleckley (e.g., superficial charm, grandiosity, conning, 
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manipulation, shallow affect).  Factor 2 taps a dimension of social deviance similar to 

many of the chronic behavioral features of antisocial personality disorder (e.g., 

impulsivity, irresponsibility, poor behavioral controls).  These factors have consistently 

shown distinct patterns of relations with external criteria (Harpur et al., 1989; Hicks & 

Patrick, 2006; Verona, Patrick, & Joiner, 2001). 

Although the PCL-R more closely approximates the classic clinical 

conceptualizations of psychopathy, its item content, lengthy administration, and reliance 

on collateral data are not conducive to use in community samples.  An alternative has 

been to draw from the clinical literature and use a personality-based approach to 

construct self-report measures to assess psychopathy as it occurs within the general 

population.  One such measure, the Psychopathic Personality Inventory (PPI; Lilienfeld 

& Andrews, 1996), is a self-report measure designed to capture a range of personality 

constructs relevant to clinical conceptions of psychopathy rather than antisocial behaviors 

per se.  Validation studies have found PPI total scores to correlate positively with 

observer ratings of Cleckley psychopathy and self-report indices of narcissism, and 

inversely with self-reported fear, anxiety, and empathy (Lilienfeld & Andrews, 1996; 

Sandoval, Hancock, Poythress, Edens, & Lilienfeld, 2000).  This suggests that the PPI 

indexes the classic clinical features of the syndrome (i.e., interpersonal-affective).  

Moreover, PPI total scores also correlate with measures of aggression, antisocial 

behavior, and substance abuse-dependence (Edens, Poythress, & Watkins, 2001; 

Lilienfeld & Andrews, 1996; Sandoval et al., 2000), indicating that the inventory also 

captures features related to an antisocial lifestyle (i.e., social deviance).   
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Based on this evidence linking the PPI to both the interpersonal-affective and 

social deviance dimensions of psychopathy (see also Poythress, Edens, & Lilienfeld, 

1998), Benning and colleagues (2003) factor analyzed PPI subscale scores from a 

community sample of male twins.  Analyses yielded two dominant, uncorrelated factors.  

The first factor (Fearless Dominance [FD]; Benning, Patrick, Blonigen, Hicks, & Iacono, 

2005) is marked by social dominance, narcissism, stress immunity, and fearlessness; core 

features of the interpersonal-affective facet of psychopathy.  The second factor (Impulsive 

Antisociality [IA]; Benning et al., 2005) is marked by impulsivity, aggression, and 

alienation, and is associated with substance use and antisocial behavior.  Subsequent 

validation studies have shown that FD and IA demonstrate convergent and discriminant 

validity for the interpersonal-affective and social deviance facets of the syndrome 

(Benning et al., 2003, 2005; Lilienfeld & Skeem, 2004; Patrick et al., 2006).  In addition 

to their factor analytic work, Benning et al. (2003) noted that FD and IA could be 

measured effectively within the framework of normal personality.  Multiple regression 

analyses revealed that the MPQ, a broadband measure of personality, can explain a 

substantial proportion of variance in FD and IA (Rs = .84 and .89 after correcting for 

attenuation).  Moreover, recent criterion-validation studies provide empirical support for 

the use of the MPQ to measure these constructs in both men and women and across 

incarcerated and non-incarcerated samples (Benning et al., 2005; Blonigen, Hicks, 

Krueger, Patrick, & Iacono, 2005; Ward et al., 2004; Witt, Donnellan, Blonigen, Krueger, 

& Conger, 2008).  For example, MPQ-FD was shown to be inversely related to self-

report indices of fear and anxiety and symptoms of social phobia and depression, and 

positively related to sociability, adventure-seeking, narcissism, and the interpersonal facet 
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of the PCL-R (Benning et al., 2005; Blonigen et al., 2005).  In contrast, MPQ-IA has 

been found to be positively related to self-report measures of anxiety, disinhibition, 

boredom susceptibility, symptoms of substance dependence and antisocial behavior, and 

the behavioral facet of the PCL-R (Benning et al., 2005; Blonigen et al., 2005).  These 

patterns of relations with external criteria are highly similar to that of the PCL-R factors, 

suggesting that MPQ-based constructs of psychopathy capture the nomological net of the 

syndrome within the domain of normal personality (Lynam & Derefinko, 2006). 

1.2 Developmental Investigations of Psychopathy 

In examining the external correlates of FD and IA, it is clear that these traits 

exhibit distinct relations with diagnostic, demographic, and personality measures 

(Benning et al., 2003, 2005; Patrick et al., 2006), as well as divergent relations with broad 

domains of psychopathology on both a phenotypic and genotypic level (Blonigen et al., 

2005).  This pattern of discriminant validity has also been observed across the factors of 

the PCL-R (Harpur et al., 1989; Hare, 1991; Patrick, Zempolich, & Levenston, 1997; 

Reardon, Lang, & Patrick, 2002; Smith & Newman, 1990).  Despite these findings, 

relatively little empirical research from either a personality- or behavior-based 

conceptualization has investigated whether distinct developmental trends also emerge in 

these traits over time.   

 One exception is a study by Harpur and Hare (1994).  These authors reported a 

cross-sectional analysis of male criminal offenders (ages 16 – 69) in which they 

investigated whether psychopathy scores, operationally defined by the PCL-R, varied as a 

function of age.  Results indicated that mean PCL-R Factor 1 scores (interpersonal-

affective) remained stable across the lifespan, whereas mean PCL-R Factor 2 scores 



 

 5 

(social deviance) declined with age.  Although, these findings suggest that the 

interpersonal-affective and social deviance facets follow distinct developmental 

trajectories, the authors acknowledged several limitations to their findings.  First, due to 

the cross-sectional design, age effects could not be separated from cohort effects, and the 

rank-order stability of these traits could not be ascertained.  Second, the results were 

limited to an incarcerated sample of men and may not reflect the development of 

psychopathic traits in either women or the general population.  Third, although PCL-R 

Factor 2 has been linked to several personality traits (e.g., impulsivity, aggression), the 

scoring of Factor 2 items is heavily influenced by the occurrence of specific deviant 

behaviors.  Thus, it is possible that the mean-level decline in the social deviance facet 

simply reflects an age-related decrease in deviant acts rather than a fundamental change 

in the underlying personality structure of this dimension.  Given these shortcomings, a 

longitudinal-epidemiological design employing a measure of personality traits underlying 

both dimensions of psychopathy may help to determine whether there are distinct 

developmental patterns to these dimensions. 

1.3 Behavior Genetic Studies of Psychopathy: Consideration of Gene-Environment 

Interplay 

In spite of extensive empirical research on psychopathy at the phenotypic level, a 

relatively small number of studies have directly estimated genetic and environmental 

contributions to variance in psychopathy as conceptualized from a personality-based 

approach.  In contrast, a multitude of twin and adoption studies have explored the genetic 

and environmental underpinnings of behavior-based phenotypes such as criminality 

(Hutchings & Mednick, 1975; Tehrani & Mednick, 2001), juvenile delinquency 
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(Jacobson, Prescott, & Kendler, 2000; Rowe, 1983; Taylor, Iacono, & McGue, 2000), 

and diagnostic symptoms of antisocial personality disorder in childhood and adulthood 

(Crowe, 1974; Lyons et al., 1995).  In summarizing this literature, twin and adoption 

studies have consistently revealed substantial genetic contributions to antisocial 

phenotypes (Rhee & Waldman, 2002).   

Although small relative to the behavior-based literature, there exists a growing 

body of behavior genetic research investigating etiologic contributions to individual 

differences in psychopathy from a personality-based approach.  Using this framework, 

twin studies have also consistently found a large and significant heritable component to 

psychopathic traits across childhood (Viding, Blair, Moffitt, & Plomin, 2004), late 

adolescence (Blonigen et al., 2005; Larsson, Andershed, & Lichtenstein, 2006; Taylor, 

Loney, Bobadilla, Iacono, & McGue, 2003), and adulthood (Blonigen, Carlson, Krueger, 

& Patrick, 2003).  In summarizing the psychopathy literature, Waldman & Rhee (2006) 

conducted a meta-analysis of all behavior genetic studies of psychopathy to date.  The 

authors concluded that roughly 50% of the variance in psychopathic traits is due to 

additive genetics (cumulative effects of genes across loci) with the remaining 50% 

attributable to nonshared environmental factors (experiences unique to each member of a 

twin pair).  Notably, shared environmental factors (experiences in common across 

members of a twin pair) were found to have a negligible contribution to the total 

variance.  Thus, environmental factors that make siblings different from one another 

rather than similar have a greater impact on the etiology of psychopathy.   

 While these findings suggest that genetic effects are significant in the etiology of 

psychopathy, such conclusions are somewhat simplistic.  Research to date has only 
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implemented standard quantitative models, which yield omnibus genetic and 

environmental estimates that are constant across the population.  Due to their focus at the 

population-level, such models can potentially obscure differences within a population and 

mask systematic transactions between genetic and environmental factors.  For example, 

the estimated 50% heritability of psychopathy (Waldman & Rhee, 2006) simply indicates 

that on average, across the entire population, 50% of the total variance in psychopathic 

traits is due to genes.  Such conclusions speak to the degree to which genetic effects 

contribute to differences across individuals at the population-level, rather than the 

importance of genetic contributions to a specific individual’s level of psychopathy.  

Consequently, previously reported heritability estimates of psychopathy, while certainly 

meaningful, offer only a general understanding of the etiology of these traits. 

Through their articulation of transactions between genes and environments over 

the course of development, several recent reviews provide a more nuanced framework for 

conceptualizing the etiology of various forms of psychopathology (Johnson, 2007, 

Moffitt, Caspi, & Rutter, 2006; Rutter, Moffitt, & Caspi, 2006).  For the present 

discussion, transactions that fall under this general framework will be referred to 

collectively as gene-environment interplay.  The basic assumption underlying this 

concept is that genes and environments are not static sources of variance that are 

independent from one another, but rather intertwined sources of variance that can vary 

systematically within the population.  Traditionally, gene-environment interplay has been 

characterized in terms of two processes: gene-environment interactions (G x E) and gene-

environment correlations (rGE).  Broadly defined, G x E entails the notion that the 

impact of a given individual’s genotype is contingent upon (or moderated by) certain 
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aspects of the environment.  G x E exists in many forms (for a review, see Moffitt et al., 

2006; Rutter et al., 2006).  In quantitative forms of G x E, also described as biometric 

moderation, the heritability of a given trait varies according to level of exposure to an 

environmental variable known to have an impact on that trait.  In the presence of this 

form of gene-environment interplay, population-level heritability estimates become moot 

as such estimates may be higher or lower depending on a given individual’s environment.  

That is, for certain segments of the population with varying levels of exposure to a known 

environmental risk factor, heritability estimates may vary continuously (either increasing 

or decreasing) as a function of the risk factor.  

In addition to its potential as a moderator, it is important to note that throughout 

development the environments to which individuals are exposed are not random.  Rather, 

genes and environments are often correlated in systematic ways such that individuals may 

actively seek out, create, or be passively exposed to environments consistent with their 

genetic endowments (i.e., rGE).  As a logical extension of rGE, studies have observed 

that many putative measures of the environment are not always 100% “environmental” 

(Plomin &Bergeman, 1991).  Results of twin and adoption studies note significant 

genetic contributions to ostensible measures of the environment when such measures are 

treated as phenotypes in a biometric analysis.  This genetic component of the 

environment likely reflects genetic contributions to psychological traits that are correlated 

with the environmental measure; thus, representing an rGE.  In sum, G x E and rGE 

represent common forms of gene-environment interplay that are inherently intertwined 

and may have a concerted impact in the etiology of a given trait.  To date, studies of 

gene-environment interplay have been absent from the psychopathy literature. 
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1.4. Extending the Developmental and Behavior Genetic Literature on Psychopathy 

from a Personality-Based Approach 

 Traditional conceptions of psychopathy, such as Cleckley’s clinical descriptions, 

have been described as personality-based in that they emphasize a set of maladaptive 

personality features marked by affective deficits and interpersonal dominance and 

manipulation in the context of an unstable, antisocial lifestyle.  In contrast, behavior-

based approaches, which emphasize the commission of criminal acts, fail to capture the 

core personality features described by Cleckley, and preferentially relate to the social 

deviance component of psychopathy.  However, research within the self-report domain 

has been promising in identifying measures, (e.g., PPI), which capture both the 

interpersonal-affective and social deviance facets of the syndrome. 

  Using the constructs of FD and IA, respective self-report indices of the 

interpersonal-affective and social deviance dimensions, this dissertation investigated 

developmental trends and etiologic contributions to psychopathy from a personality-

based approach.  Across two studies, the MPQ, a broadband measure of normal 

personality, was used to estimate scores on FD and IA in a large epidemiological-

community sample of male and female twins from the Minnesota Twin-Family Study 

(MTFS; Iacono, McGue, & Krueger, 2007).  In Chapter 2, findings are presented on 

continuity and change in FD and IA across two waves of assessment from late 

adolescence (age 17) to early adulthood (age 24).  The primary objective of this study 

was to assess whether the personality traits underlying the interpersonal-affective and 

social deviance dimensions of psychopathy exhibit distinct or comparable developmental 

trajectories.  In order to provide a comprehensive assessment of developmental change, a 
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multiple-level approach including analysis of rank-order, mean-level, and individual-

level change was employed.  In addition, I utilized the genetically informative nature of 

the sample to investigate the degree to which genetic and environmental influences 

contribute to both continuity and change in psychopathic traits from late adolescence to 

early adulthood. 

 In Chapter 3, male and female twins from two separate cohorts of the MTFS each 

assessed at age 17 were used to explore processes of gene-environment interplay in the 

etiology of psychopathic traits.  Specifically, we examined whether genetic and 

environmental sources of variance in FD and IA were moderated by or covaried with 

DPA – a relevant environmental correlate that has been consistently linked to a host of 

maladaptive behaviors in adolescence (Moffitt, Caspi, Rutter, & Silva, 2001).  In 

combination with standard univariate and bivariate twin models, which estimate average 

genetic and environmental influences at the population-level, I utilized recent advances in 

behavior genetic modeling that allow for estimation of genetic and environmental 

contributions to a given variable that are contingent on another variable (Purcell, 2002).  

Importantly, such models allow for simultaneous modeling and estimation of G x E in the 

context of rGE.  The findings from this study provide a more dynamic perspective on the 

role of genes and environments in the etiology of psychopathy by demonstrating how 

such influences can vary systematically as a function of an environmental risk factor.   
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Chapter 2. 

Continuity and Change in Psychopathic Personality Traits: A Longitudinal-

Biometric Study 

2.1 Introduction  

Delineating the developmental trajectory of psychopathic personality traits 

represents a relatively neglected, yet important, domain of research.  For example, such 

investigations may help identify periods of normative change in these traits that could 

yield theoretical insights into the etiology of the construct, as well as practical insights in 

terms of identifying the developmental stages most amenable to intervention.  In recent 

years, empirical studies of psychopathy have begun to adopt such a developmental focus 

by extending the construct downward into adolescence and childhood (e.g., Edens, 

Skeem, Cruise, & Cauffman, 2001; Forth, Hare, & Hart, 1990; Frick, Bodin, & Barry, 

2000; Gretton, Hare, & Catchpole, 2004; Lynam, 1998; Salekin, Neumann, Leistico, 

DiCicco, & Duros, 2004).  Moreover, in their review of the development of psychopathy, 

Lynam and Gudonis (2005) note that juvenile psychopathy appears stable from childhood 

to adolescence and reproduces the nomological network of psychopathy found in adults.  

Despite this emerging interest in psychopathy across the lifespan, few studies have 

directly examined the developmental course of these traits using longitudinal methods.   

In a cross-sectional study of male criminal offenders ranging in age from 16 to 69, 

Harpur and Hare (1994) addressed this issue by examining whether PCL-R scores varied 

as a function of age.  Mean PCL-R Factor 1 scores (interpersonal-affective) evinced 

stability over the lifespan, whereas mean PCL-R Factor 2 scores (social deviance) 

declined with age, suggesting that these dimensions of psychopathy follow distinct 
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developmental trajectories.  This finding is consistent with a well-documented pattern of 

discriminant validity between the interpersonal-affective and social deviance dimensions 

of psychopathy.  However, several limitations should be noted.  First, the sample was 

cross-sectional, thereby excluding an analysis of rank-order stability.  Second, the sample 

was restricted to incarcerated men, thus limiting inferences on the development of 

psychopathy in either women or the general population.  Third, and most important, the 

scoring of items from PCL-R Factor 2 is greatly influenced by the occurrence of specific 

behavioral acts of deviance.  Consequently, mean-level decline in the social deviance 

dimension may simply reflect an age-related decrease in deviant behavior rather than a 

fundamental change in the underlying personality structure of this dimension.   

To address these shortcomings, Study 1 employed a longitudinal design of male 

and female twins from the community to examine the development of MPQ-estimated 

FD and IA – personality-based constructs of psychopathy underlying the interpersonal-

affective and social deviance dimensions, respectively.  The developmental period in 

question was the transition from late adolescence to early adulthood.  This transition 

represents a turbulent period in the life-course marked by a host of demographic changes 

and psychological upheaval (Hall, 1904).  The primary objective was to investigate 

whether the developmental course of FD and IA is distinct or comparable across this 

critical period of psychological adjustment.  Given the wealth of evidence for the 

discriminant validity of these constructs, I hypothesized that these traits would also 

exhibit distinct developmental trends consistent with cross-sectional findings on the PCL-

R.  The second objective was to investigate the impact of genetic and environmental 

influences on the development of psychopathic traits from late adolescence into early 
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adulthood.  Based on prior longitudinal-twins studies of personality in young adulthood 

(McGue, Bacon, & Lykken, 1993), I surmised that the stable portion of variance in these 

traits would owe more to genetic contributions, whereas change would be more 

environmentally mediated.   

2.2 Method 

2.21 Participants 

 Participants were male and female twins from the older cohort of the MTFS, an 

ongoing longitudinal-epidemiological study of reared together, same-sex twins and their 

parents.  The primary focus of the MTFS is to identify the genetic and environmental 

bases of substance abuse and related psychopathology.  The design of the MTFS has been 

described previously (Iacono, Carlson, Taylor, Elkins, & McGue, 1999; Iacono & 

McGue, 2002; Iacono, McGue, & Krueger, 2007).  Briefly, a population-based 

ascertainment method was used to identify, via public birth records, all the twin births in 

the state of Minnesota.  For the present investigation, male twin pairs born between the 

years of 1972-1978, and female twin pairs born between the years of 1975-1979, were 

identified and recruited for participation the year the twins turned 17 years old.  Over 

90% of all twin pairs born during these target years were located.  17% of all eligible 

families declined participation.  Although there was slightly, albeit significantly, more 

years of education among parents of participating families, no significant differences 

were observed between parents of participating and non-participating families with 

respect to self-reported rates of psychopathology (Iacono et al., 1999).  98% of 

participating twins were Caucasian, which is consistent with the demographics of 

Minnesota the year the twins were born. Families were excluded from participation if 
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they lived further than a one-day drive from the Minneapolis laboratories or if either twin 

had a serious physical or cognitive disability that would hinder their completion of the 

day-long, in-person assessment. 

 Following completion of the age 17 intake assessment (Time 1), the sample size 

consisted of 626 complete twin pairs (Men: NMZ = 188, NDZ = 101; Women: NMZ = 223, 

NDZ = 114).  This ratio of MZ to DZ twin pairs owes to both an overrepresentation of MZ 

twins relative to DZ twins in the population from which this sample was drawn (Hur, 

McGue, & Iacono, 1995) as well as a slightly greater likelihood of agreement to 

participate in MZ twins.  To determine zygosity, separate reports from parents and MTFS 

staff regarding the physical resemblance between the twins were obtained and compared 

to an algorithm assessing the similarity between twins on ponderal and cephalic indices, 

and fingerprint ridge counts.  In cases in which the three estimates did not agree, a 

serological analysis was performed.  

2.22 Assessment 

Scores on psychopathic traits of Fearless Dominance (FD) and Impulsive 

Antisociality (IA) were assessed using a 198-item version of the Multidimensional 

Personality Questionnaire (MPQ; Tellegen, in press).  FD was uniquely predicted by 

MPQ primary scales of Social Potency (+), Stress Reaction (-), and Harm Avoidance (-), 

whereas IA is uniquely predicted by Social Closeness (-), Alienation (+), Aggression (+), 

Control (-), and Traditionalism (-) (see Benning et al., 2003).  In the present study, items 

from the MPQ were used rather than applying regression weights to MPQ primary scale 

scores to estimate scores on FD and IA.  Although two previous investigations estimated 

these traits via regression weights (Benning et al., 2005; Blonigen et al., 2005), such an 
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approach yields standardized scores and would preclude us from examining mean- and 

individual-level change in FD and IA over time.  However, it should be noted that 

findings from these previous investigations in which regression weights were used to 

estimate FD and IA from the MPQ were essentially the same when items were used to 

estimate scores on these constructs.  Furthermore, all analyses in the present study that 

were testable using a regression-weighted approach (i.e., not the mean and individual-

level analyses) were essentially identical to results using MPQ items.  

MPQ-198 items were selected for inclusion on FD or IA according to the 

following criteria.  Items for each factor were required to correlate at least |.20| with the 

target factor and correlate with the other factor less than half as strongly as the target 

factor.  For example, if a target item correlated |.25| with the FD factor score, that item 

would have to correlate less than |.13| with the IA factor score.  In addition, to ensure that 

these items would be available in all extant versions of the MPQ, we selected candidate 

items that appear in both the MPQ-198 and the MPQ-155 (Patrick, Curtin, & Tellegen, 

2002).  The final MPQ-estimated FD scale comprised 24 items – 17 from the three MPQ 

scales identified by Benning et al. (2003) as unique predictors of FD (Social Potency, 

Stress Reaction, Harm Avoidance).  The final MPQ-estimated IA scale comprised 34 

items – 32 from four of the five MPQ scales identified by Benning et al. (2003) as unique 

predictors of IA (Alienation, Aggression, Control, Traditionalism).  

Prior to both their initial visit at Time 1, when participants were age 17 on 

average, and their follow-up visit at Time 2, when they were age 24 on average, 

participants were mailed the MPQ and asked to bring their completed copies to their in-

person visits.  Participants who did not complete the MPQ either upon arrival for their 
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visit or by the end of the assessment were asked to complete the questionnaire at home 

and return it by mail.  FD and IA scores at both Time 1 and Time 2 were estimated and 

prorated in cases where a participant answered at least 70 % of the items on both scales 

(Time 1: NTotal = 1131; NMen = 503, NWomen = 628; Time 2: NTotal = 990; NMen = 433, 

NWomen = 557).  Scores on FD and IA at both time points were available for 920 

participants.  This listwise approach did not bias the results as test-retest correlations 

using a Full Information Maximum Likelihood technique, which corrects for statistical 

biases due to missing data, were essentially identical to correlations using a listwise 

approach. 

To test for bias due to attrition, Time 1 MPQ scores were compared across 

participants and non-participants at Time 2.  Effect sizes across participants and non-

participants were minimal for all 11 primary scales from the MPQ with the mean Cohen’s 

d = .06 (range .01 - .17).  Thus, in terms of personality, twins who participated in the 

follow-up assessment were representative of the original sample. 

2.23 Data Analysis 

Three separate levels of analysis were performed to examine the development of 

MPQ-estimated psychopathic traits from late adolescence to early adulthood: rank-order 

continuity, mean-level change, and individual-level change.  Rank-order, or differential, 

continuity refers to consistency in the relative ordering of individuals in a population over 

time (Roberts & DelVecchio, 2000).  Although an examination of rank-order continuity 

cannot address, in absolute terms, the degree of growth or change in a particular trait over 

time, it can attest to the extent to which individuals maintain their relative placement 

within a group across time.  For example, an individual who engages in fights once a 
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month in late adolescence and once a year in early adulthood has decreased in absolute 

terms on his or her level of aggression.  However, he or she may still rank first among 

their peers on aggressiveness and would therefore be consistent in relative terms.  Test-

retest correlations were used in the present analyses to examine the rank-order continuity 

of FD and IA with significance levels adjusted using a mixed model in SAS to account 

for the dependent nature of the twin observations.  

Mean-level, or absolute, change refers to change in the quantity or amount of 

some trait in a population over time and is typically examined at the group-level 

(Roberts, Walton, & Viechtbauer, 2006).  To the extent that traits change 

developmentally in the same direction for the majority of individuals in a group, this 

level of analysis reflects normative changes in traits over time.  In the present study, 

mean-level change in FD and IA was assessed using a two-factor repeated measures 

analysis of variance (ANOVA; a within-group factor of time, and a between-group factor 

of sex).  For both psychopathic traits, we report effects sizes for the main effects of Time 

and Gender as well as the Time x Gender interaction using partial eta-squared (η²; 

percent variance accounted for), which can be interpreted like r
2
.  The main effect of 

Time is also presented using Cohen’s d statistic (Cohen, 1988), which illustrates, in 

standard deviation units, both the direction and magnitude of change in these traits over 

time.  Given the correlated nature of the twin observations, significance levels were also 

tested using a mixed model in SAS.  

The third level of analysis focused on individual-level change in FD and IA over 

time.  Individual-level change simply refers to change exhibited by each individual over 

time on a particular trait.  Although individual and mean levels of analysis are 
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intertwined, continuity at the group level can potentially mask mutually canceling 

differences at the individual-level.  For example, within a population a substantial 

proportion of individuals may be increasing significantly on a given trait, whereas an 

equally large proportion of individuals may also be decreasing on this trait over time.  In 

effect, these groups would cancel each other out yielding no significant mean-level 

change, yet there would still be substantial change at the individual-level. 

The Reliable Change Index (RCI; Christensen & Mendoza, 1986) was used to 

operationalize individual-level change in the current study.  It is computed by dividing an 

individual’s change score from Time 1 to Time 2 (X2 – X1) by the standard error of the 

difference between the two scores (Sdiff).  The Sdiff was computed using the standard error 

of measurement (SEM) for each trait at Time 1 and 2 (Sdiff = √ [(SEMT1)
2
 + (SEMT2)

2
]).  

The RCI is intended to gauge whether an individual exhibits change on a particular trait 

that is greater than what would be expected by chance.  Essentially, the Sdiff represents the 

distribution of change scores if change were due solely to measurement error.  Therefore, 

assuming normality, RCI scores greater or less than +1.96 should only occur 5% of the 

time if change were due to chance alone (2.5% less than -1.96, 2.5% greater than +1.96).  

Any percentage greater than this likely reflects true, reliable change in a trait over time.   

Twin methodology and structural equation modeling were used to examine 

genetic and environmental contributions to the development of FD and IA over time.  

The objectives were three-fold: (1) determine whether the heritability of these traits 

remained consistent from Time 1 to Time 2, (2) investigate the degree to which genetic 

and environmental variance at Time 2 is contributed from Time 1, (3) examine the extent 

to which genetic and environmental variance is unique to these traits at Time 2.  
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Twin methodology capitalizes on differences in genetic relatedness between MZ 

and DZ twin pairs in order to estimate the relative genetic and environmental 

contributions to a phenotype.  The phenotypic variance in FD and IA at Time 1 and 2 was 

decomposed into additive genetic, shared environmental, and nonshared environmental 

effects.  Additive genetic effects (a²) involve the summation of genes across loci, whereas 

shared (c²) and nonshared (e²) environmental effects represent influences that are 

common and unique to each member of a twin pair, respectively.               

Biometric analyses involved a Cholesky decomposition (see Figure 1), which 

allows for an estimation of both the individual variance of each phenotype and the 

covariance among phenotypes that is due to genetic and environmental influences.  This 

model was chosen for two purposes.  First, it allowed for the partitioning of the shared 

variance between the MPQ-estimated psychopathic traits at Time 1 and Time 2 into their 

genetic and environmental components, thereby addressing the extent to which genetic 

and environmental variance at Time 2 is contributed from Time 1.  This is represented in 

Figure 1 by the a21 and e21 paths from the Time 1 additive genetic (A1) and nonshared 

environmental (E1) factors to the Time 2 FD phenotype (FDT2).  Second, this model 

allowed us to parse the residual variance at Time 2 into genetic and environmental 

factors, thereby providing an estimation of the degree to which genetic and 

environmental influences are unique or innovative at Time 2.  This is represented in 

Figure 1 by the a22 and e22 paths from the Time 2 additive genetic (A2) and nonshared 

environmental (E2) factors to the Time 2 FD phenotype (FDT2).  

Prior to obtaining parameter estimates, model-fitting analyses were performed 

using Mx, a structural equation modeling program (Neale, Boker, Xie, Maes, 2002).  
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Models were fit to the raw data using a Full Information Maximum Likelihood (FIML) 

technique that corrects for potential statistical biases due to missing data.  Consistent with 

the biometric findings reported for these participants at age 17 (Blonigen et al., 2005), the 

best fitting Cholesky model for both FD and IA contained an additive genetic (A) and 

nonshared environmental (E) parameter.  The inclusion of a shared environmental (C) 

parameter failed to provide a better fit than the AE model.  Moreover, when C was 

included in the model, all such parameter estimates were virtually zero.  All parameter 

estimates from the biometric analyses are presented separately for men and women based 

on models allowing these estimates to differ by gender.  However, all estimates could be 

constrained across men and women without a significant decrease in the fit of the model.  

Hence, parameter estimates for the total sample are also reported.   

2.3 Results 

2.31 Continuity and Change in Psychopathic Traits from Age 17 to Age 24. 

 Internal consistency reliability estimates (Cronbach’s alpha) at ages 17 and 24 

along with the seven-year test-retest correlations (Pearson correlations) for FD and IA are 

presented in Table 1.  Both FD and IA demonstrated strong internal consistency in late 

adolescence and early adulthood, with alphas ranging from .79 to .88 for these constructs 

across time.  In terms of the test-retest correlations, both FD and IA also exhibited 

moderate to large rank-order consistency from ages 17 to 24, with stability coefficients 

ranging from .47 to .60 across men and women.  Moreover, all correlations were highly 

significant (all ps < .001).  Using internal consistency reliability estimates for FD and IA, 

test-retest correlations were corrected for attenuation due to unreliability.  The stability 

coefficients increased for both traits with FD increasing from .60 to .75, and IA 
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increasing from .53 to .61.  Thus, relative to one another, individuals remained consistent 

on both psychopathy traits from late adolescence to early adulthood.  

 Table 2 provides the results of the repeated measures ANOVAs, which we used to 

evaluate the degree of mean-level change in these traits from ages 17 to 24.  The means, 

standard deviations, and effect sizes (d statistics) are presented for the total sample as 

well as separately for men and women.  For FD, the main effect of Time was not 

significant, F (1, 918) = 1.68, ns, indicating continuity in this trait dimension at the mean-

level.  The main effect of Gender for FD, however, was significant, F (1, 918) = 43.59, p 

< .001.  Follow-up t-tests revealed that men scored significantly higher than women on 

FD at both Time 1, t (1, 1129) = 4.09, p < .001, and Time 2, t (1, 988) = 8.40, p < .001.  

Interestingly, the Time x Gender interaction for FD, F (1, 918) = 25.0, p < .001, was also 

significant.  Inspection of means and effect sizes for men and women suggests that this 

interaction was due to both a slight increase in FD traits for men from late adolescence to 

early adulthood (d = .12) as well as a slight decrease in these traits for women across this 

period (d = -.18).  

For IA, the main effect of Time was highly significant, F (1, 918) = 828.92, p < 

.001, with nearly a full standard deviation decrease in these traits for the total sample (d = 

-.93) and for both men (d = -.92) and women (d = -.99).  Thus, in contrast to FD, IA traits 

decreased markedly at the mean-level from age 17 to age 24.  The main effect of Gender 

was also significant for IA, F (1, 918) = 69.95, p < .001.  Again, follow-up t-tests 

revealed that men scored significantly higher than women on IA at both Time 1, t (1, 

1129) = 8.02, p < .001, and Time 2, t (1, 988) = 8.89, p < .001.  The Time x Gender 

interaction for IA was not significant, F (1, 918) = 1.26, ns.  In addition, neither the main 
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effect of Zygosity for FD [F (1, 918) = 0.21, ns] and IA [F (1, 918) = 0.25, ns] nor the 

Zygosity x Time interaction for FD [F (1, 918) = 0.04, ns] or IA [F (1, 918) = 0.41, ns] 

was significant.  

As noted earlier, continuity at the mean-level may be masking mutually canceling 

differences at the individual-level.  Table 3 presents results from individual-level 

analyses based on the RCI including the percentage of individuals that decreased or 

increased reliably on these traits and the percentage that stayed the same.  Chi-square 

tests comparing the observed distribution of changers and non-changers to the expected 

distribution (i.e., number of participants expected to have extreme RCI scores simply due 

to chance) were highly significant for both FD and IA indicating reliable change in these 

traits.  Consistent with the mean level analyses, however, a substantially greater number 

of participants exhibited reliable change on IA than on FD.  In particular, a greater 

proportion of individuals decreased on IA than on FD, though for both traits the number 

of participants that decreased was greater than what would be expected by chance alone.  

In conjunction with the mean-level findings, these results suggest distinct developmental 

trends to the trait dimensions of FD and IA, with FD remaining relatively stable from late 

adolescence to early adulthood and IA declining over this period.         

2.32 Biometric Contributions to Psychopathic Traits from Age 17 to Age 24. 

 Parameter estimates from the best fitting Cholesky Models are provided in Table 

4.  As noted previously, the best fitting model for FD and IA was a model containing an 

additive genetic (A) and nonshared environmental (E) parameter.  Parameter estimates 

are presented separately by gender as well as for the total (combined) sample.  However, 
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all estimates could be constrained across men and women without a significant decrement 

in the fit of the model. 

 At age 17 and 24, roughly half the variance of both FD and IA was due to additive 

genetic effects with the remaining half due to the nonshared environment.  Moreover, 

models in which the magnitude of the heritability for these traits was constrained to be 

equal over time were not significantly different from models in which they were allowed 

to vary, χ² (1) = 1.47, ns for FD; χ²(1) = 0.42, ns, for IA.  Thus, the heritability of both 

traits remained consistent across time.  

In the present investigation, we were primarily interested in examining the extent 

to which genetic and environmental variance in these traits at Time 2 is contributed from 

Time 1, or is unique or specific to these traits at Time 2.  Table 4 provides a breakdown 

of these effects for FD and IA.  In partitioning the variance in these traits at Time 2, a 

comparison of the genetic and environmental contributions from Time 1 (a
2
 from T1 & e

2
 

from T1, respectively) reveals that a larger proportion of the variance from Time 1 was 

due to additive genetic effects.  In contrast, a comparison of the genetic and 

environmental contributions unique to Time 2 (a
2
 unique & e

2
 unique, respectively) 

reveals that a larger proportion of the residual variance at Time 2 was due to nonshared 

environmental effects.  Furthermore, an inspection of the genetic covariance for FD and 

IA (i.e., proportion of the phenotypic covariance in these traits across time that is due to 

additive genetic contributions) revealed that 58% of the stable variance in FD and 62% of 

the stable variance in IA was due to additive genetic effects.  These findings suggest that 

the stable portion of variance in these traits from late adolescence to early adulthood is 

due primarily to genes, whereas the portion of variance that is unique or changing at 
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Time 2 is more environmentally mediated.  On an additional note, for both FD and IA 

there were significant genetic contributions unique to Time 2, which (in the case of IA) 

were as large, or larger, than the additive genetic contributions from Time 1.  This 

indicates that changes in the variance of these traits may owe in part to the emergence of 

innovative genetic contributions in early adulthood. 

2.4 Discussion 

The present study utilized a longitudinal sample of male and female twins to 

investigate whether there are distinct or comparable developmental trends to 

psychopathic personality traits from late adolescence to early adulthood.  Test-retest 

correlations demonstrated that both FD and IA, personality constructs related to the 

interpersonal-affective and social deviance facets of psychopathy, respectively, exhibited 

strong rank-order stability from ages 17 to 24.  In contrast, mean- and individual-level 

analyses revealed stability in FD from late adolescence to early adulthood, whereas IA 

declined over this period indicating distinct developmental patterns for these traits. 

Empirical investigations explicitly examining the development of psychopathic 

traits across the lifespan have been relatively absent in the literature.  As an exception, 

Harpur and Hare (1994) observed mean scores on PCL-R Factor 1 to be unrelated to age 

of assessment, whereas mean scores on PCL-R Factor 2 declined with age.  However, as 

noted by Harpur and Hare (1994), because the scoring of Factor 2 relies heavily on 

behavioral indicators that are age-biased, the decrease in these scores cannot address 

whether there are similar developmental changes in the underlying personality traits of 

this dimension.  Therefore, the underlying personality structure of Factor 2 may either be 
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as stable as the personality constructs underlying Factor 1 or may be directly contributing 

to a decline in scores over time.  

The current study sought to address this issue by employing personality-based 

constructs estimated from the MPQ and designed to reflect clinical conceptions of 

psychopathy (Lilienfeld & Andrews, 1996).  Findings were consistent with the cross-

sectional analysis of the PCL-R and suggest that from late adolescence to early adulthood 

there are distinct developmental trends to the underlying personality traits of 

psychopathy.  In addition to our personality-based approach, the present study extended 

the findings of Harpur and Hare (1994) in other important ways.  For example, the use of 

a longitudinal design allowed us to examine the rank-order stability in these traits over 

time.  Test-retest correlations, which represent broad-based indicators of trait continuity, 

revealed comparable rank-order stability for FD and IA.  Thus, relative to one another 

individuals remained fairly consistent on both traits from late adolescence to early 

adulthood.  Moreover, the magnitude of the correlations was similar to previous estimates 

of rank-order stability in personality across this period (Roberts & Delvecchio, 2000; 

Roberts et al., 2001; Robins et al., 2001).  

Another key aspect of the present design was the nature of the sample.  

Specifically, we used a community sample of men and women in order to establish the 

generalizability of the findings.  Given that most empirical investigations of psychopathy 

have been conducted in incarcerated settings, the use of a non-incarcerated sample 

extends our understanding of the development of psychopathic traits to the general 

population, which may in turn yield insights into sub-clinical manifestations of the 

disorder.  Nonetheless, it may be important for future studies to replicate the present 
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findings in individuals with extreme elevations on these traits (i.e., forensic samples).  

However, for the present cohort, rates of DSM diagnoses related to psychopathy are 

comparable to rates observed in other epidemiological studies (Kessler et al., 2005), 

suggesting that some individuals in this sample possess clinically and socially meaningful 

levels of psychopathology.       

The inclusion of both men and women was another advantage in that it permitted 

us to examine sex differences in the developmental course of these traits.  Although men 

exhibited higher mean-levels on FD and IA in late adolescence and early adulthood, the 

pattern of development in these traits across all levels of analysis were highly similar 

across gender.  An exception to this pattern was the Time x Gender interaction for FD, in 

which men increased on these traits over time while women decreased.  However, effect 

sizes for these changes were relatively small and are still consistent with a general pattern 

of continuity in FD during the transition into adulthood.  Notably, in a previous 

longitudinal study of the primary scales and superfactors of the MPQ (Roberts et al., 

2001), a similar gender difference was observed on Harm Avoidance, a normal-range 

personality correlate of FD.   

The present investigation also utilized the genetically informative nature of the 

sample to infer the relative contributions of genetic and environmental factors to 

continuity and change in the variance of FD and IA over time.  In parsing the variance in 

these traits at Time 2, it was revealed that a larger proportion of the variance contributed 

from Time 1 was due to genetic influences, whereas a larger proportion of the residual 

variance at Time 2 was due to nonshared environmental effects.  This is consistent with 

previous longitudinal-twin studies of personality in early adulthood (McGue et al., 1993) 
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and indicates that stability in these traits may owe more to genetic factors, whereas 

change over time may be more environmentally mediated.  Despite the predominance of 

the nonshared environment to change, there were significant and unique genetic 

contributions to the residual variance in these traits at Time 2.  This pattern, also 

observed in prior research (Dworkin, Burke, Maher, & Gottesman, 1976; McGue et al., 

1993), suggests that innovative genetic factors emerging in early adulthood may 

contribute to change in the variance of psychopathic personality traits.   

The present findings have interesting theoretical implications for the construct of 

psychopathy.  Since the inception of the PCL-R, psychopathy has been traditionally 

conceptualized as a single higher-order construct subsumed by two or more correlated 

factors (Cooke & Michie, 2001; Hare, 2003).  However, evidence of heterogeneity 

among PCL-R defined psychopaths (Hicks, Markon, Patrick, Krueger, & Newman, 2004; 

Skeem, Poythress, Edens, Lilienfeld, & Cale, 2003) as well as aforementioned findings of 

discriminant validity between the interpersonal-affective and social deviance dimensions 

call into question the notion of psychopathy as simply a unitary construct.   

In response to this issue, several scholars have suggested that an examination of 

psychopathy within a structural model of personality can clarify the heterogeneous nature 

of the construct and help to resolve differential findings for the interpersonal-affective 

and social deviance facets (Lynam, 2002; Miller, Lynam, Widiger, & Leukefeld, 2001; 

Widiger & Lynam, 1998).  The present study utilized this approach and illustrates one 

example of how this framework can inform debate on the structure and etiology of 

psychopathy.  Specifically, if one were to consider the personality-based clinical 

descriptions of the syndrome as being reflected in the structure of normal personality, the 
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present findings of distinct developmental trends suggests that the interpersonal-affective 

and social deviance dimensions index separable traits with distinct etiologic processes 

(Patrick, 2001).   

We conclude the first study by reviewing limitations to the present findings and 

avenues for future research.  First, while our longitudinal design had several advantages, 

this investigation was limited to two time points.  This aspect of the design restricted the 

conclusions to a relatively small developmental window as well as precluded the 

investigation of non-linear developmental trends in psychopathy over time.  Nevertheless, 

the timeframe under investigation certainly represents a critical juncture in the life-course 

(Hall, 1904; Siegel, 1982).  This is exemplified in the fact that epidemiological studies 

observe enhanced prevalence rates of mental disorders in this age range with lower 

prevalence rates for older individuals (Kessler et al., 2005).  Moreover, individual 

differences are accentuated during the transition from late adolescence to early adulthood 

and reveal distinct patterns of continuity and change (Caspi & Moffitt, 1993).  Clearly, 

late adolescence to early adulthood represents a critical period of development that 

requires further explication with respect to both personality and psychopathy.  

 Second, regarding the biometric results, it should be noted that these findings can 

only address the genetic and environmental contributions to continuity and change in the 

variance of these traits and cannot attest to the etiology of the aforementioned mean- or 

individual-level changes.  Investigation of genetic and environmental contributions to 

such changes requires the use of growth-curve or latent trajectory models, which 

necessitate more than two time points in a longitudinal design (Neale & McArdle, 2000).  

Nonetheless, current biometric analyses can address the genetic and environmental 
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influences to the rank ordering of individuals over time given that the results reflect 

continuity and change in the covariance structure of these traits rather than changes at the 

individual or group-level. 

In terms of future research, it is notable that the decline in IA coincides with 

maturation of the prefrontal cortex (PFC; Giedd et al., 1999; Segalowitz & Gavin, 2004; 

Levin et al., 1991; Webster et al., 2002).  Various regions of the PFC have been posited 

by some theorists as possible neural substrates underlying externalizing psychopathology 

(Blair, 2004).  Given the link between IA and externalizing disorders (Benning et al., 

2003, 2005), it is conceivable that mean-level declines in IA reflect normative maturation 

of the PFC from late adolescence to early adulthood.  This represents a promising area of 

future research as no studies have directly compared personality change in relation to 

neurobiological development within the same design.   

Second, the decline in IA parallels the age-crime curve, a phenomenon in which 

the prevalence and incidence of criminal offending tends to peak in late adolescence but 

declines in early adulthood (Blumstein, Cohen, & Farrington, 1988).  Although the link 

between age and crime has been repeatedly observed across gender, types of crimes, and 

in numerous Western nations, the precise mechanisms underlying this relationship are not 

well understood.  From an individual differences perspective, the current findings raise 

the possibility that the age-crime curve may be partly due to changes in personality such 

that normative maturation in IA during this period contributes to desistance in criminal 

activity for most individuals in the population.  Along with other sociological 

explanations (see Sampson & Laub, 1997), an understanding of the significance of 
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personality change to this developmental phenomenon represents an intriguing area for 

future inquiry. 

 In summary, we utilized a longitudinal and genetically informative sample to 

investigate the developmental course of psychopathic traits as conceptualized from a 

personality-based approach.  Findings of both continuity and change in FD and IA 

illustrates that the development of psychopathic traits is a complex and dynamic process, 

which can be investigated and operationalized on several levels.  Accordingly, similar 

longitudinal investigations of psychopathy across other important developmental periods 

(e.g., childhood to adolescence; Lynam & Gudonis, 2005) are encouraged in order to gain 

a more comprehensive perspective of the development of psychopathic personality traits 

across the lifespan. 
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Figure 1.  Path diagram of an AE Cholesky model for Fearless Dominance (FD) at Time 1 (T1) 

and Time 2 (T2).  In this model the variance at each time point is decomposed into additive 

genetic (A1, A2,) and nonshared environmental effects (E1, E2).  a11 & e11 = additive genetic and 

nonshared environmental contributions to the Time 1, respectively;  a21 & e21 = additive genetic 

and nonshared environmental contributions from Time 1 to the Time 2, respectively;  a22 & e22 = 

additive genetic and nonshared environmental contributions unique to Time 2, respectively.  

Paths are squared to estimate the proportion of variance accounted for by additive genetic and 

nonshared environmental influences.  For ease of interpretation, shared environmental effects (c
2
) 

were omitted from this diagram. 
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Table 1.  Internal Consistency & Rank-Order Continuity of MPQ-Psychopathic Traits from Age 17 to Age 24. 

 

   

Internal Consistency Reliability       ____________Test-Retest Correlations_____________ 

 

              Age 17    Age 24             Men      Women   Total          Total (Corrected) 

 

 

Fearless Dominance   .79     .82         .60                .59        .60          .75 

 

Impulsive Antisociality  .86     .88           .47                .54         .53          .61 

 

 
Note.  NTotal = 920, NMen = 391, NWomen = 529.  Significance levels were adjusted using a mixed-model in SAS to account for the correlated nature 

of the twin observations.  MPQ = Multidimensional Personality Questionnaire.  Total (Corrected) = Test-retest correlations for the total sample 

corrected for attenuation due to measurement error.  All ps < .001   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 33 

 

Table 2.  Mean-Level Change in MPQ-Psychopathic Traits from Age 17 to Age 24. 

 

 

               Age 17                    Age 24_ 

          d          η²      η²         η² 

            M          SD     M      SD              (Time)
a
        (Time)

a
       (Gender)

b
     (Time x Gender)

c
   

 

Fearless Dominance                     

 

Total        64.2        8.3   63.7       8.7          -.06       .00                .05*     .03* 

              

Men        65.4        7.5   66.3      8.2           .12       .02†      --       --         

 

Women                  63.3        8.8   61.8      8.5          -.18         .04*      --           -- 

 

 

Impulsive Antisociality                    

 

Total        76.0      12.4   64.7    11.8            -.93      .48*    .07*     .00 

 

Men        79.1      11.4   68.3     12.1              -.92      .45*      --       -- 

 

Women       73.8      12.7   62.1    10.8          -.99      .51*      --       -- 

 

 
Note.  NTotal = 920, NMen = 391, NWomen = 529.  † p < .01, * p < .001. 

a
 d & η² (Time) = Cohen’s d statistic and partial eta-squared effect sizes, 

respectively, for the main effect of time.  
b 
η² (Gender) = percent variance accounted for by the main effect of gender.  

c 
η² (Time x Gender) = 

percent variance accounted for by the interaction between Time and Gender.  Significance levels of effects were adjusted in a mixed model in SAS 

to account for the dependent nature of the twin observations. 
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Table 3.  Individual-Level Change in MPQ-Psychopathic Traits from Age 17 to Age 24. 

 

             

          Decreased (%)        Same (%)           Increased (%)   χ² (2) 

 

 

Fearless Dominance    

 

Total       10.2             85.0       4.8  248.0* 

 

Men        6.1             87.5       6.4       44.4* 

 

Women     13.2                        83.2                    3.6  260.6* 

 

 

Impulsive Antisociality  

 

Total      46.3             51.6       2.1         7, 244.1* 

 

Men      42.2             55.8       2.0         2, 465.9* 

 

Women     49.3             49.4       1.3         4, 850.3* 

 

 
Note.  NTotal = 920, NMen = 391, NWomen = 529.  Decreased (%), Same (%), Increased (%) refers to 

the percentage of individuals who decreased, remained the same, or increased on the 

psychopathic traits, respectively, based on the Reliable Change Index.  Chi-square tests compared 

the observed distribution of changers and non-changers to the expected distribution if change 

were due to chance alone (i.e., 2.5% each decrease and increase, 95% stay the same).  * p < .001.   
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Table 4.  Parameter Estimates from Cholesky Models for MPQ-Psychopathic Traits (Age 17 to Age 24). 

 

       __Age 17__   __Age 24__            ____________Variance Partition (T2)_________     

   a
2 

                 e
2                                   

a
2    

            e
2
 

    a
2
       e

2
  a

2
       e

2
                        (from T1)           (from T1)           (unique) 

           
(unique) 

Fearless Dominance 

 

Combined            .48     .52            .42     .58       .25                .12   .17            .45 

             (.40, .56)     (.44, .60)     (.33, .51)     (.49, .67)                      (.17, .34)           (.08, .18)           (.10, .25)        (.39, .53) 

   

Men             .54     .46            .48     .52    .29    .10   .19            .42 

         (.41, .64)     (.36, .59)     (.34, .59)     (.41, .56)           (.16, .42)           (.04, .19)           (.08, .30)        (.33, .53) 

 

Women             .46     .54            .39     .61               .23    .14   .16            .47  

         (.35, .55)     (.45, .65)     (.26, .50)     (.50, .74)           (.13, .35)           (.07, .23)           (.06, .25)        (.38, .58) 

 

Impulsive Antisociality 

 

Combined            .46     .54            .49     .51       .23    .07   .26            .44 

               (.37, .53)     (.47, .63)     (.40, .57) (.43, .60)                  (.14, .32)           (.03, .11)          (.18, .34)       (.38, .52) 

 

Men             .43     .57            .49     .51     .21    .06   .28            .45 

         (.30, .54)     (.46, .70)     (.35, .60) (.40, .65)           (.09, .35)           (.02, .13)          (.14, .41)       (.35, .58) 

 

Women             .47     .53            .49     .51     .24    .08   .24            .43 

         (.36, .56)     (.44, .64)     (.37, .59) (.41, .63)           (.14, .36)           (.03, .15)          (.14, .34)       (.35, .53) 

 

Note.  N = 1252 individuals from 626 twin pairs, some with missing data.  a
2
 = additive genetic variance; e

2
 = nonshared environmental variance.  

Variance Partition (T2) = Partitioning of the total variance at Time 2 into the genetic and environmental effects that are contributed from Time 1 

(from T1), and genetic and environmental effects which are unique to Time 2 (unique).  95% Confidence Intervals are listed in parentheses 

underneath the respective parameter estimates.  None of the parameter estimates were significantly different for men and women.  
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Chapter 3.  Gene-Environment Interplay in the Etiology of Psychopathic 

Personality Traits: Biometric Moderation via Deviant Peer Affiliation 

3.1 Introduction 

 

Although still in its infancy, there is a growing body of behavior genetic research 

investigating genetic and environmental contributions to individual differences in 

psychopathy from a personality-based approach (Blonigen et al., 2003, 2005; Larsson et 

al., 2006; Taylor et al., 2003; Viding et al., 2004).  This approach, deriving from seminal 

clinical descriptions of psychopathy (Cleckley, 1941/1976), conceptualizes the construct 

in terms of a core set of personality traits marked by interpersonal and affective deficits 

(Lilienfeld, 1994; Lynam & Derefinko, 2006).  Recently, Waldman and Rhee (2006) 

conducted a meta-analysis of all behavior genetic studies of psychopathy phenotypes to 

date and concluded that half of the variance is due to additive genetics effects with the 

remaining half attributable to the nonshared environment.   

While the aforementioned research has been informative in demonstrating the 

importance of genes in the development of these traits, its conclusions offer simplistic 

generalizations of the etiology of psychopathy and ignore the possibility of systematic 

transactions between genetic and environmental factors.  Moreover, such studies have 

only implemented standard approaches to modeling genetically informative data, which 

yield omnibus genetic and environmental estimates that are constant across the 

population.  In other words, prior findings on the heritability of psychopathy speak to the 

degree to which genetic effects contribute to differences across individuals at the 

population-level rather than the importance of genes to a specific individual’s level of 

psychopathy. 
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Recent reviews have highlighted the importance of exploring processes of gene-

environment interplay (Johnson, 2007, Moffitt et al., 2006; Rutter et al., 2006).  This 

general concept refers to a collection of processes whose basic assumption is that genes 

and environments are not static and independent but represent intertwined sources of 

variance that can vary systematically within the population.  One process (gene-

environment interaction; G x E) is the notion that the impact of a given genotype is 

contingent upon exposure to certain environments.  For the present discussion, I will 

focus on quantitative G x E (i.e., biometric moderation) in which the heritability of a 

given trait is theorized to vary according to level of exposure to an environmental risk 

factor linked to that trait.  That is, for segments of the population with differential 

exposure to certain risk factors, the magnitude of genetic effects may vary continuously 

(either increasing or decreasing) as a function of the risk factor.  

Another process (gene-environment correlations; rGE) acknowledges that 

environmental exposure is not random and that individuals may seek out or create (active 

rGE), elicit reactions from others (evocative rGE), or be passively exposed to 

environments consistent with their genetic endowments (passive rGE).  For example, 

twin and adoption studies have noted significant genetic contributions to ostensible 

“environmental” measures when such measures are decomposed in a behavioral genetic 

analysis (Plomin &Bergeman, 1991).  This heritable component of the environment 

reflects rGE processes such that genetic contributions from psychological traits are 

shared with the environmental measure.  Together, G x E and rGE represent common 

forms of gene-environment interplay that coexist in the etiology of a given trait. 
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Regarding relevant environmental risk factors for psychopathy, peer groups have 

been argued as a salient factor in the personality and psychosocial adjustment of children 

and adolescents (Harris, 1995).  Moreover, deviant peer affiliation (DPA) has been 

consistently linked to a host of maladaptive behaviors in adolescence including antisocial 

behavior and substance use (Fergusson, Swain-Campbell, & Horwood, 2002; Keenan, 

Loeber, Zhang, Stouthamer-Loeber, & van Kammen, 1995; Laird, Pettit, Dodge, & 

Bates, 2005; Moffitt, Caspi, Rutter, & Silva, 2001).  Studies of DPA and psychopathy per 

se are less common.  However, Kimonis, Frick, and Barry (2004) found that antisocial 

youth with callous-unemotional traits had significantly greater associations with deviant 

peers than antisocial youth without these traits.  

Although DPA may exert a direct causal influence on antisociality (Fergusson et 

al., 2002), behavior genetic findings suggest that genotypes may also influence one’s 

association with deviant peers (Rowe & Osgood, 1984).  Across multiple informants and 

modes of assessment, twin and adoption studies report small to moderate genetic 

contributions to peer affiliations including DPA (Baker & Daniels, 1990; Bullock, 

Deater-Deckard, & Leve, 2006; Iervolino et al., 2002; Manke, McGuire, Reiss, 

Hetherington, & Plomin, 1995).  Presumably, this heritable component represents active 

or evocative rGE such that adolescents choose or are selected by their peers on the basis 

of similar personalities and behavioral tendencies.  Thus, the robust association between 

DPA and antisocial phenotypes may reflect a common genetic diathesis.  

Research on behavioral phenotypes (e.g., conduct disorder, antisocial personality 

disorder) suggests that gene-environment interplay in the etiology of psychopathy is 

plausible (e.g., Button, Scourfield, Martin, Purcell, & McGuffin, 2005; Cadoret, Cain, 
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Crowe, 1983; Cadoret, Yates, Troughton, Woodworth, & Stewart, 1995).  With respect to 

DPA, a recent study testing the fit of newer models of biometric moderation found 

significant overlap in the genetic contributions to conduct problems and DPA (Button et 

al., 2007).  In addition, the magnitude of the genetic variance of conduct problems as well 

as the genetic correlation between conduct problems and DPA increased as a function of 

increasing DPA.  These findings suggest that DPA is an etiologically complex risk factor 

which may moderate genetic and environmental influences on psychopathy as well as 

share a common etiology with such traits.   

Several pieces of evidence also suggest gender as an important variable to 

consider in studies of psychopathy and DPA.  First, similar to other risk factors of 

externalizing, there are robust gender differences in DPA with males evincing greater 

associations with deviant peers (Moffitt et al., 2001).  Second, several gender differences 

have been noted in the behavior genetic literature of antisociality including differences in 

the heritability of aggressive (Vierikko, Pulkkinen, Kaprio, Viken, & Rose, 2003) and 

non-aggressive delinquency (Eley, Lichtenstein, & Stevenson, 1999), differences in the 

total variation in delinquency attributable to genetic and environmental effects (Van 

Hulle, Rodgers, D’Onofrio, Waldman, & Lahey, 2007), and differences in genetic and 

environmental contributions to stability and change in a latent externalizing factor (Hicks 

et al., 2007).  To date, research on psychopathy has not observed significant gender 

differences in the magnitude of genetic and environmental contributions to these traits 

(e.g., Larsson et al., 2006).  However, Blonigen and colleagues (2005) did observe that 

Fearless Dominance, a measure of the interpersonal features of psychopathy, was 

genetically correlated with symptoms of externalizing psychopathology in men but not 
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women.  Such findings suggest the possibility of etiologic differences between men and 

women in the associations between psychopathic traits and correlates of externalizing 

(e.g., DPA).  Accordingly, the current study will investigate potential sex differences in 

the relationship between psychopathy and DPA.      

Using a community sample of male and female twins, the present investigation 

sought to extend the behavior genetic literature of psychopathy by investigating gene-

environment interplay in the etiology of Fearless Dominance (FD) and Impulsive 

Antisociality (IA) in relation to the moderator of DPA.  The objectives were three-fold.  

First, I explored phenotypic associations between the psychopathy constructs and a 

measure of DPA.  Second, in an effort to establish the etiology of psychopathy at the 

population-level, I performed a biometric decomposition of the psychopathy constructs 

and DPA using standard twin models which ignore the possibility of moderation.  This 

step entailed univariate and bivariate decomposition within and across phenotypes in 

order to explore the etiology of DPA and psychopathy as well as their degree of genetic 

and environmental covariation.  Third, I examined if DPA moderates the biometric 

structure of psychopathy.  To this end, I utilized recent advances in biometric modeling 

that allow for estimation of genetic and environmental contributions to a given variable 

that are contingent on another variable (Purcell, 2002).  Importantly, such models allow 

for simultaneous estimation of G x E in the context of rGE, thereby offering a more 

dynamic view of the role of genes and environments in the etiology of psychopathy. 
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3.2 Method 

3.21 Participants 

 Subjects were same-sex, male and female twin pairs from the Minnesota Twin-

Family Study (MTFS), a community-based, longitudinal study of reared-together twins 

and their families from the state of Minnesota (Iacono et al., 2007).  For the present 

study, twins were identified and located via public birth records for the years of 1971 

through 1985.  More than 90% of all twin pairs born during this time span were 

successfully located.  Families were excluded from the study if they lived further than a 

one-day drive from our laboratories in Minneapolis, Minnesota or if either twin had a 

reported handicap (cognitive or physical) that could preclude completion of the in-person 

assessment.  83% of all eligible families agreed to participate.  98% of participating twins 

are Caucasian – a proportion consistent with the demographics of Minnesota at the time 

of the twins’ birth.   

In utilizing the accelerated longitudinal design of the MTFS, twins were selected 

from two age cohorts whose intake assessments were conducted at 11 and 17 years, 

respectively.  The 11-year-old intake cohort (younger cohort) consists of 756 same-sex 

monozygotic (MZ) and dizygotic (DZ) twin pairs (Men: NMZ = 253, NDZ = 123; Women: 

NMZ = 233, NDZ = 147).  The 17-year-old intake cohort (older cohort) consists of 626 

same-sex twin pairs (Men: NMZ = 188, NDZ = 101; Women: NMZ = 223, NDZ = 114).  

Following their intake assessments, both cohorts returned for follow-up assessments 

approximately every three years.  For the present study, data were selected from the 

younger and older cohorts at the overlapping assessment at age 17, which consisted of 

1,252 individual twins from the older cohort at their intake assessment, and 1,320 
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individual twins from the younger cohort who returned for their second follow-up 

assessment (87.3% of the younger cohort).  Of the total possible sample size across the 

cohorts (N = 2,572), 70 individuals were missing data on both psychopathy and peer 

affiliations.  Excluding these individuals yielded a final sample size of 2,502 individual 

twins with data on either psychopathy or peers (Men: NMZ = 775, NDZ = 395; Women: 

NMZ = 850, NDZ = 482).  The mean age across all participants at time of assessment was 

17.81 years (SD = .68). 

Twin zygosity was determined according to parental reports of the twins’ physical 

similarity, MTFS staff evaluation of the twins’ physical resemblance, and an algorithm 

measuring the twins’ similarity on ponderal and cephalic indices, and fingerprint ridge 

counts.  In a previous analysis of 50 adolescent subjects, 100% accuracy in twin zygosity 

was achieved when all estimates were in agreement.  In cases in which full agreement 

was not obtained, a blood sample was requested and a serological analysis performed. 

3.2 Assessment 

Psychopathic Personality Traits.  FD and IA were estimated from a 198-item 

version of the Multidimensional Personality Questionnaire (MPQ; Tellegen, in press).  

Regression weights derived from a community sample were applied to the 11-priamry 

trait scales of the MPQ to estimate standardized scores on FD and IA (see Benning et al., 

2003).  Construct validation of the MPQ as a proxy measure of FD and IA has been 

previously demonstrated in incarcerated and non-incarcerated samples and across gender 

(Benning et al., 2005; Blonigen et al., 2005; Ward et al., 2004; Witt et al., 2008). 

The MPQ was mailed to all families prior to their in-person assessment.  

Participants were asked to bring the completed inventories to their in-person visit.  If the 
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MPQ was not complete either upon arrival for their visit or by the end of the day-long 

assessment, participants were asked to complete the inventory at home and return it via 

mail.  Complete MPQ data were available for 2,329 individuals (NMen=1,077, 

NWomen=1,252). 

Deviant Peer Affiliation.  Composite ratings of twins’ peer networks were 

obtained from self-report and teacher ratings.  During their in-person visit, twins 

completed a computerized version of the “Friends” inventory, a self-report measure 

developed by MTFS staff to assess peer affiliations (Walden, McGue, Iacono, Burt, & 

Elkins, 2004).  Participants answered 18 items assessing the activities and proclivities of 

their entire peer network on a 4-point scale (1 = all of my friends are like that; 2 = most of 

my friends are like that; 3 = just a few of my friends are like that; 4 = none of my friends 

are like that).  Nine items were drawn from this inventory (see Table 1) and summed to 

form a rationally-derived scale tapping DPA.  Items were reversed-scored such that 

higher scores indicate greater affiliation with deviant peers.  This scale demonstrated 

strong internal consistency (α = .88).  

Additional ratings of the twins’ peer network were provided from teacher reports.  

Participants were asked to nominate three of their teachers from the current (or past) 

school year.  Nominated teachers were then mailed a rating form, which they were asked 

to complete and return to the MTFS.  The MTFS-designed rating form consisted of 12 

items on which teachers evaluated each twin’s “friends and acquaintances” as compared 

to their classmates on a 5-point scale (1 = lowest 5% of students; 2 = lower 30% of 

students; 3 = middle 30% of students; 4 = upper 30% of students; 5 = highest 5% of 

students).  Five of the twelve items from the scale were summed to form an overall score 
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of teacher-reported DPA (see Table 1).  Although teacher ratings were not available for 

every participant, at least one teacher rating form was obtained for the majority of 

participants (66.8%) with a sizeable percentage of the sample yielding multiple teacher 

ratings (40.3%).  For twins with multiple teacher reports, scores were averaged across 

raters (average inter-rater reliability coefficient = .77).   

A composite measure of DPA was calculated by taking the average of the 

standardized scores across each informant.  Self- and teacher-reports of DPA 

demonstrated moderate agreement (r = .46).  This composite yielded a total of 2,329 

individual twins with scores on DPA (NMen = 1,027, NWomen = 1,302).  Due to 

pronounced, positive skew in the distribution of the composite, scale scores were log-

transformed.  Following this transformation, DPA scores approximated a normal 

distribution (skew = -.103; kurtosis = -.004).  

3.23 Data Analysis 

 Twin models were fit to the raw data using Mx, a software package for modeling 

genetically informative data (Neale et al., 2002).  The twin method utilizes differences in 

genetic resemblance between MZ and DZ twin pairs in order to decompose the total 

variance of a phenotype into its relative genetic and environmental contributions.  In the 

case of a single variable (univariate), standard twin models are based on the assumption 

that the total variance of a given phenotype (V) is a linear function of three components: 

additive genetic (a
2
), shared (c

2
), and nonshared environmental variance (e

2
).  Using FD 

as an example, this decomposition is represented in Figure 1 and by the following 

equation: 

VFD = a
2
 + c

2
 + e

2
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 In this model, each component is assumed to be independent from one another 

and constant across the entire population.  Additive genetic effects represent the 

cumulative effect of genes across loci.  Shared environmental contributions reflect 

environmental experiences in common across members of a twin pair that enhances twin 

similarity (e.g., Family SES).  Nonshared environmental effects represent environmental 

experiences unique to each member of a twin pair that decrease twin resemblance (e.g., 

random accidents, peers).  In addition, e
2
 also includes measurement error given that error 

variance would decrease similarity across members of a twin pair.   

 In addition to univariate decomposition, bivariate (Cholesky) twin models 

decompose the covariance across two phenotypes into genetic and environmental factors.  

These models estimate genetic (rA), shared (rC), and nonshared environmental (rE) 

correlations, which indicate the extent to which the genetic, shared, and nonshared 

environmental effects of one variable are in common with that same effect on another 

variable.  Additionally, such models yield a
2
, c

2
, and e

2
 estimates that are unique to each 

variable in the model. 

Our biometric analyses began by fitting standard univariate and bivariate twin 

models for the relevant variables.  Univariate models were used to estimate MZ and DZ 

twin correlations and a
2
, c

2
, and e

2
 parameter estimates for FD, IA, and DPA.  Bivariate 

models yielded gene-environment correlations between the psychopathy phenotypes and 

DPA.  Parameter estimates were computed from sex-variant models that allowed 

parameter estimates to vary across gender, as well as sex-invariant models in which the 

estimates were constrained to be equal across men and women (i.e., combined models).  

To account for missing data, all models were fit using Full Information Maximum 
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Likelihood raw data techniques, which uses all available information to impute values for 

missing data points then adjusts the imputed values for imprecision.   

To test whether genetic or environmental influences on psychopathy vary 

systematically as a function of DPA, we implemented variance components models for G 

x E and rGE as described by Purcell (2002).  Using these models, a
2
, c

2
, and e

2
 variance 

components of psychopathy as well as gene-environment correlations between 

psychopathy and DPA are expressed as linear interactions with the environmental 

moderator.  Using FD as an example, the “Full Moderation” model (see Figure 2) is 

represented by the following equation: 

VFD = (ac + Bac*M)
2
 + (ac + Bcc*M)

2
  + (ac + Bec*M)

2 
+ 

(au + Bau*M)
2
 + (cu + Bcu*M)

2
  + (ec + Beu*M)

2
 

In this equation, the terms in boldface represent the moderation parameters.  “B” 

denotes regression coefficients that allow the variance components to vary across 

different levels of the moderator (M).  In this model, there are six moderation parameters 

in total with three allowing for moderation of the ACE effects in common across FD and 

DPA (Bac, Bcc, Bec) and three allowing for moderation of ACE effects unique to FD (Bau, 

Bcu, Beu).  In the presence of moderation on the common paths, gene-environment 

correlations between psychopathy and DPA vary as a continuous function of level of 

DPA.  For moderation of the unique paths, ACE effects specific to psychopathy vary as a 

continuous function of DPA. 

Formal tests of biometric moderation began by fitting models allowing for 

moderation on all six moderation parameters (Full Moderation) in comparison to a 
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bivariate model in which all moderation parameters were fixed to zero (No Moderation).  

A significant decrease in fit for the No Moderation model based on Likelihood Ratio 

Tests (LRT; computed as the difference in –2 log-likelihood from the Full Moderation 

model and distributed as χ2
) established the presence of moderation.  Next, for models in 

which Full Moderation provided a better fit than No Moderation, I sought to identify the 

most parsimonious model that could capture the data.  All told, six additional models 

were tested in which the A, C, or E moderation parameters (or their combinations) were 

dropped from the model and compared to the Full Moderation model:  A Moderation [no 

C or E], C Moderation [no A or E], E Moderation [no A or C], A & C Moderation [no E], 

A & E Moderation [no C], C & E Moderation [no A].      

LRT and four information-theoretic fit indices were used to evaluate model fit.  

These indices included Akaike’s Information Criterion (AIC; Akaike, 1987), the 

Bayesian Information Criterion (BIC), adjusted BIC (BIC Adj), and Draper’s Information 

Criterion (DIC; Draper, 1995).  Each index provides an assessment of model fit that 

balances accurate reproduction of the observed data using the fewest number of 

parameters, thereby providing an index of fit relative to parsimony (see Markon & 

Krueger, 2004 for detailed descriptions of the indices).  For each index, smaller values 

correspond to better fitting models.  Thus, the model with the lowest values for AIC, 

BIC, BICAdj, and DIC that also exhibited a non-significant decrease in fit from the Full 

Moderation model was regarded as the best fitting model. 

 Although participants in the study were assessed at a single time point (age 17), 

there was wide variability across participants in their actual ages at time of assessment 

(range = 16.55 – 20.34 years).  Such similarities may artificially inflate twin similarity on 
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the target trait (McGue & Bouchard, 1984).  Therefore, for all phenotypes and across all 

analyses, standardized residuals were used in which the effects of age and age
2
 were 

regressed out separately within gender. 

3.3 Results 

3.31 Phenotypic Associations between Psychopathy and Deviant Peer Affiliation. 

 Zero-order correlations between the psychopathy variables and DPA are 

presented in Table 2 for the total sample and separately by gender.  Correlations were 

estimated in Mplus with significance levels adjusted to account for the non-independence 

of twin observations within pairs.  Across the total sample, DPA was unrelated to FD but 

exhibited a moderate, positive correlation with IA.  When examining these associations 

by gender, FD was positively and significantly correlated with DPA in men but not 

women.  In contrast, IA was moderately correlated with DPA in both men and women 

with coefficients similar in magnitude across gender.  Hence, the link between FD and 

DPA at age 17 was attributable solely to men, whereas the relationship between IA and 

DPA was comparable across gender. 

3.32 Twin Correlations and Univariate Decomposition of Psychopathy and Deviant 

Peer Affiliation.  

MZ and DZ twin correlations from univariate twin models are presented in Table 

3.  When MZ correlations are approximately twice the size of the DZ correlations, 

additive genetic influences are inferred in the etiology of the trait.  When MZ correlations 

are less than twice the magnitude of the DZ correlations, the shared environment is 

implicated.  For both FD and IA, MZ correlations were roughly twice the size of the DZ 

correlations in the combined sample and separately gender, suggesting the predominance 
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of additive genetic effects.  For DPA, MZ and DZ correlations were both large in 

magnitude, with MZ correlations slightly larger than DZ correlations.  Thus, both 

additive genetic and shared environmental factors are likely relevant for this phenotype.  

Parameter estimates from univariate models are also included in Table 3 and show 

proportions of variance due to A, C, and E effects for the combined sample and by 

gender.  For FD and IA, a sex-invariant model provided a better fit than a sex-variant 

model.  Consistent with inferences from the twin correlations, roughly half the total 

variance in both psychopathy traits was due to additive genetic effects with the remaining 

variance captured by the nonshared environment.  Conversely for DPA, a sex-variant 

model provided the best fit to the data.  In women, relatively equal contributions from a
2
, 

c
2
, and e

2
 were noted with each component accounting for approximately one-third of the 

total variance.  For men, however, additive genetic effects were dominant with the shared 

environment exerting a minimal and nonsignificant effect. 

3.33 Gene-Environment Correlations: Psychopathy and Deviant Peer Affiliation. 

 Table 4 presents genetic and nonshared environmental correlations between each 

psychopathy variable with DPA for the combined sample and separately for men and 

women.  Given negligible shared environmental influences on FD and IA, correlations 

were estimated from an AE model.  Regarding FD, a small yet significant genetic 

correlation with DPA was observed in the combined sample with nonshared 

environmental correlations nonsignificant and approximately zero.  In men but not 

women, there was a moderate and significant genetic correlation between FD and DPA.  

A follow-up analysis indicated that 100% of the phenotypic covariance between FD and 

DPA in men was attributable to genetic effects, indicating complete genetic mediation in 
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the association between these variables.  For IA, a moderate and significant genetic 

correlation with DPA was estimated in the combined sample and separately in men and 

women, indicating a robust genetic link between IA and DPA across gender.  Further 

analyses revealed that 82% and 75% of the phenotypic covariance between IA and DPA 

in men and women, respectively, was due to genes.  In terms of the nonshared 

environment, modest, albeit significant, correlations between IA and DPA were detected 

in the combined sample and separately by gender.  

3.34 Biometric Moderation of Psychopathy via Deviant Peer Affiliation. 

 The final analyses examined whether DPA moderated the genetic and 

environmental architecture of psychopathy.  Due to analytic constraints that preclude 

formal testing of multi-way interactions involving moderation of genetic and 

environmental parameters by DPA as well as gender, models were tested separately in 

men and women in order to explore gender differences.  Model fitting results are 

presented in Table 5.  As noted earlier, we began by testing the relative fit of a Full 

Moderation model to a model in which all moderation parameters were fixed to zero (No 

Moderation).  When significant moderation was detected, six additional models with 

various moderation parameters removed were fit and compared to the Full Moderation 

model with the best fitting model selected according to parsimony.  

For FD in men, moderation was not detected as indicated by a nonsignificant 

decrease in fit for the No Moderation model in comparison to the Full Moderation model.  

Hence, common and unique ACE effects across FD and DPA did not vary as a function 

of DPA.  For IA in men, the No Moderation model yielded a significant decrease in fit 

from the Full moderation model, suggesting the presence of moderation for this trait.  



 

 51 

Subsequent analyses revealed that a model with moderation on only A provided the most 

parsimonious explanation of the data.  Hence, common and unique genetic effects on IA 

vary as a function of DPA.  In women, across both psychopathy traits, LRTs indicated the 

presence of moderation with follow-up analyses suggesting that a model with moderation 

on only E provided the best fit to the data.  Thus, for FD and IA in women, only common 

and unique nonshared environmental influences varied as a function of DPA. 

Table 6, in conjunction with Figures 3 and 4, demonstrate the pattern of 

moderation for FD and IA across levels of DPA.  For the table and figures, ACE 

estimates for psychopathy are given at five different levels of the moderator in standard 

deviation units (z-scores; -2, -1, 0, +1, +2).  In Table 6, unstandardized (raw) and 

standardized ACE variance estimates (proportions of the total variance at each level of 

the moderator) along with genetic and environmental correlations between the traits and 

the moderator are presented separately by gender for the best-fitting models.  Figures 3 

and 4 illustrate ACE variance estimates in men and women, respectively, for FD and IA 

plotted as a function of DPA.  Because the total amount of variance in FD and IA is not 

constant across levels of the moderator, only unstandardized variance estimates were 

plotted for these figures.  

Moderation of Psychopathic Traits in Men.  Given that FD was not moderated by 

DPA in men, ACE variance estimates from Table 6 and Figure 3 (Panel A) were derived 

from a No Moderation model and are constant across levels of DPA.  For IA, however, 

Table 6 and Figure 3 (Panel B) reveal a reduction in the unique additive genetic effects 

for men as a function of DPA (-2 SD, raw A = .68; +2 SD, raw A = .39).  In contrast to 

the unique A effects, genetic correlations between IA and DPA in men revealed an 
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increase in the common A effects as function of increasing DPA (-2 SD, rA = .22; +2 

SD, rA = .63).  These correlations provide additional evidence that deviant peer 

affiliation for men is partly attributable to genetic contributions to IA traits. 

Moderation of Psychopathic Traits in Women.  Table 6 and Figure 4 demonstrate 

patterns of moderation for the psychopathy constructs in women.  Results were consistent 

across the traits with a strong linear increase in the magnitude of the nonshared 

environment as a function of DPA for both FD (-2 SD, raw E = .38; +2 SD, raw E = .79) 

and IA (-2 SD, raw E = .22; +2 SD, raw E = .74).  Inspection of moderation on nonshared 

environmental correlations (rE) revealed differences between FD and IA in women.  For 

FD, non-shared environmental correlations were relatively small and decreased only 

slightly across levels of the moderator (-2 SD, rE = .15; +2 SD, rE = -.13).  For IA, 

nonshared environmental correlations increased with increasing DPA (-2 SD, rE = -.02; 

+2 SD, rE = .49).  Thus, for women, a sizeable portion of the latent nonshared 

environmental effects on IA in late adolescence reflects DPA. 

3.4 Discussion 

 Using a community sample of men and women in late adolescence, the current 

study explored gene-environment interplay in the etiology of psychopathic traits from a 

personality-based approach.  At the phenotypic level, DPA exhibited moderate 

associations with IA across gender, while correlating with FD selectively in men.  At the 

univariate level for DPA, significant heritability was detected with parameter estimates 

more than twice as large for men than women.  At the bivariate level, a significant 

genetic correlation with DPA was observed for IA (but not FD) in women.  In men, 

however, significant genetic correlations with DPA were observed for both FD and IA.  
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After accounting for rGE, moderation analyses indicated that the magnitude of the 

genetic variance in IA decreased as a function of increasing DPA in men.  Conversely for 

women, moderation was significant for only the nonshared environment with the 

magnitude of these effects increasing as a function of DPA for both FD and IA.  

Moreover, there was increasing covariation of nonshared environmental effects across IA 

and DPA; thus identifying a specific source of environmental variance for psychopathy.  

Collectively, the findings demonstrate transactions between genetic and environmental 

factors in the etiology of psychopathy and highlight the importance of exploring gender 

differences in these processes.   

 With respect to the etiology of DPA, univariate models were consistent with prior 

research in demonstrating a significant component of heritability for DPA, suggesting 

some degree of genetic predisposition to affiliate with deviant peers.  Notably, familial 

sources of variance for DPA (i.e., A and C) varied across gender.  Specifically, 

proportions of variance for additive genetic and shared environment effects were equal in 

women, whereas familial effects in men were almost entirely explained by genes.  

Although mean gender differences are robust for peer delinquency (Moffitt et al., 2001), 

gender differences in heritability have not been established (Button et al., 2007).  Thus, 

the present finding of gender differences in the etiology of DPA awaits replication. 

A broader implication of the univariate findings is that measures of the 

environment such as DPA are not simply “environmental” but contain a heritable 

component; thus, implicating rGE between DPA and associated traits (Plomin & 

Bergeman, 1991).  Bivariate twin models and moderation analyses suggest that this 

heritable component partly reflects genetic influences on psychopathy.  That is, the link 
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between DPA and psychopathy is to a certain degree genetically mediated such that 

inherited tendencies for psychopathic personality traits increases risk for affiliating with 

delinquent peers.  This link represents either self-selection such that adolescents seek out 

deviant peers based on shared interests (active rGE; Scarr & McCartney, 1983) or an 

evocative process in which adolescents are either rejected by prosocial peers or are 

sought out by antisocial peers based on shared inclinations towards deviance (Hinshaw & 

Lee, 2003).  While both pathways to adolescent misconduct are plausible, longitudinal 

designs with genetically informative data are needed to directly test these complementary 

hypotheses.  Beyond rGE processes, links between DPA and psychopathy may also 

reflect causal processes whereby antisocial peers directly influence deviant behavior in 

other adolescents independent of shared genetic risk (Fergusson et al., 2002). 

In terms of this shared genetic diathesis between psychopathy and DPA, the 

process may differ for men and women.  In women, a genetic correlation with DPA was 

specific to the IA dimension of psychopathy, which is marked by externalizing 

tendencies such as aggression, impulsivity and substance abuse.  In men, however, 

significant genetic associations with DPA were observed for both FD and IA.  Given the 

orthogonal nature of FD and IA (Benning et al., 2003), the findings suggest two 

independent genetic pathways for peer delinquency in men, one defined by an 

externalizing vulnerability (a la IA), the other marked by social dominance, narcissism, 

and resilience to internalizing distress (a la FD).  Of note, this pattern is consistent with 

prior evidence of sex differences in genotypic associations between FD and externalizing 

psychopathology.  In a previous study by Blonigen et al. (2005), significant genetic 

correlations with a composite of externalizing symptoms was observed for IA but not FD 
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in women, whereas such correlations were significant for both FD and IA in men.  Given 

robust associations between DPA and externalizing behaviors in adolescence, the present 

data provide further evidence that links between the FD dimension of psychopathy and 

antisocial outcomes may be specific to men.  

 Results also identified a specific source of environmental variance in 

psychopathy.  Although behavior genetic research in psychopathy has attributed 50% of 

variance to the nonshared environment, no studies have identified the source of these 

influences.  Bivariate twin analyses as well as moderation models from the current study 

demonstrated a strong nonshared environmental correlation (rE) between IA and DPA.  

Therefore, a sizeable portion of the nonshared environmental variance in psychopathy, 

estimated as latent effects in prior research, might be manifest as DPA in late 

adolescence.  Such a finding conforms to group socialization theories, which identify 

intra- and inter-group processes as salient sources of variance for the nonshared 

(unexplained) environment in personality development in adolescence (Harris, 1995).  

Furthermore, in conjunction with prior research demonstrating common environmental 

influences across early substance use and DPA (Walden et al., 2004), the present data 

address previous contentions that the nonshared environment captures mostly stochastic 

phenomena that are too idiosyncratic to identify systematically (Turkheimer & Waldron, 

2000).   

With regard to the etiology of psychopathy, several theoretical and conceptual 

issues are worth noting.  First, as shown with broad factors of normal personality 

(Krueger, South, Johnson, & Iacono, in press), standard biometric models yield genetic 

and environmental estimates that are simplistic generalizations regarding nature and 
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nurture.  Rather than representing static influences that are constant across all segments 

of the population, the magnitude and impact of genetic influences on personality 

disorders, such as psychopathy, are likely contingent on the presence of certain 

environmental factors.  In general, as individuals became more entrenched in a deviant 

peer group, the magnitude of the genetic influences on psychopathic traits (not shared 

with DPA) decreased while nonshared environmental effects increased in a linear 

fashion.  This dynamic pattern is obscured in standard biometric models and can yield 

biased estimates of genetic and environmental influences at the population-level. 

 Findings of gene-environment interplay also have implications for etiological 

theories of psychopathy.  For example, Karpman (1941) proposed two subtypes of 

psychopathy, primary and secondary, which differ in their pathways to antisociality (see 

also Hicks et al., 2004; Skeem, Johansson, Andershed, Kerr, & Louden, 2007).  

According to etiological variations of this theory, primary psychopathy reflects an 

affective deficit that is constitutional (genetic) in nature and largely independent of 

psychosocial development, whereas secondary psychopathy represents a pattern of 

antisocial behavior rooted in exposure to an aversive environment during early 

development (e.g., parental neglect, abuse; Porter, 1996; Lykken, 1995).  Although the 

distinction between primary and secondary psychopathy has been integral to theory and 

research on the heterogeneity of the construct, the etiological premises of this model may 

oversimplify the role of genes and environments.  Similar to DPA, “environmental” 

factors such as abuse or parental neglect may be partially heritable, such that exposure to 

these factors is correlated (passively or evocatively) with genetic predispositions for 

psychopathy.  Furthermore, it is conceivable that the etiology of each subtype is 
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influenced by genetic effects but that these effects are (a) independent from each other, 

(b) influence exposure to different environmental factors (rGE), and (c) confer 

differential susceptibility to moderation by environmental risk factors (G x E).  While 

these assertions are somewhat speculative, the current findings at minimum call for 

consideration of gene-environment interplay in investigations of the etiological premises 

of the subtypes theory.   

Regarding patterns of moderation in the current study, findings of diminishing 

genetic influences as a function of increasing DPA contrasts with recent evidence from 

Button et al. (2007).  In their community-based sample of male and female twins in 

adolescence, these authors found an increase in the magnitude of the genetic variance for 

conduct problems as a function of greater DPA.  The results were interpreted in the 

context of the bioecological model of development (Bronfenbrenner & Ceci, 1994), 

which posits that the genotypic potential of a given trait is only actualized when proximal 

(environmental) processes conducive to the expression of that trait are strong (i.e., greater 

affiliation with antisocial peers should augment the heritability of antisocial phenotypes).  

The pattern of genetic moderation herein is inconsistent with the bioecological model.  

Rather, such findings conform to the “social push” perspective (Raine, 2002), which 

theorizes that genetic/biological risk factors are more likely to explain antisocial behavior 

in adaptive or benign environments that lack risk factors for such behavior.  Conversely, 

deleterious environments, such as those marked by high gang activity, may press for 

antisocial behavior regardless of an individual’s genetic predisposition.  Interestingly, 

support for the social push model was noted in prior research in which genetic risk for 



 

 58 

antisocial behavior was found to be highest at low levels of family dysfunction (Button et 

al., 2005).   

While the social push perspective offers a plausible explanation for the current 

findings, the discrepancy with Button et al. (2007) is vexing in light of evidence linking 

IA to a range of externalizing problems including conduct disorder (Benning et al., 2005).  

One explanation that may account for this discrepancy is that moderation trends for 

personality-based constructs simply differ from behavior-based phenotypes of 

psychopathology (e.g., conduct disorder) and conform to the social push model.   Such an 

explanation is supported by recent findings of Krueger et al. (in press) in which genetic 

variance in MPQ Negative Emotionality – a correlate of IA – decreased as a function of 

increasing parental conflict.  Another possibility may relate to the severity of the 

phenotype being moderated.  Compared to Button et al. (2007) which examined 

moderation of symptoms of conduct disorder, the present study examined moderation of 

self-reported personality traits, which may index a less extreme phenotype than one 

marked by diagnosable symptoms of behavioral deviance.  This is conceivable as 

estimates of genetic variance unique to conduct problems (not shared with DPA) in 

Button et al. (2007) displayed a U-shaped trend (initially decreasing in magnitude before 

increasing at higher levels of delinquent peer affiliation).  While this theory may 

reconcile the discrepancy in question, it is nevertheless speculative.  Furthermore, given 

that genetic moderation per se was not robust across gender or across the psychopathy 

phenotypes, the current findings require future investigation and replication. 

In terms of limitations, it should be noted that the present study employed a single 

moderator.  Although it was not analytically feasible to model multiple interactions with 
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other variables, the relationship between psychopathy and DPA is embedded in a network 

of environmental risk factors related to antisocial behavior (e.g., parental monitoring, 

family discord).  For example, Kimonis et al. (2004) reported that the association 

between callous-unemotional traits and DPA was partially mediated by dysfunctional 

parenting and problematic social adjustment.  Moreover, other studies have found 

interactions between DPA and parental monitoring that differed between men and women 

(Svensson, 2003).  Delineating interactions among risk factors within and outside the 

family context may provide a more comprehensive explanation of psychopathy as well as 

yield insights into the source of gender differences in externalizing behaviors and peer 

deviance (Piquero, Gover, MacDonald, & Piquero, 2005).    

 In summary, the present study provided evidence of gene-environment interplay 

in the etiology of psychopathy and extends the burgeoning behavior genetic literature in 

this area.  The findings yield several insights into the complex relationship between DPA 

and MPQ-based psychopathy constructs of FD and IA and highlight the importance of 

exploring gender differences in future research.  Furthermore, quantitative studies of 

gene-environment interplay should be incorporated with molecular genetic studies of G x 

E (Caspi et al., 2002) as biometric moderation has been regarded as a necessary precursor 

to molecular investigations on the development of psychopathology (Moffitt et al., 2006). 
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Table 1.  Items Comprising the Deviant Peer Affiliation Composite. 

 

Self-Report Items 

 

1. My friends break the rules 

2. My friends drink alcohol or beer 

3. My friends get into trouble with the police 

4. My friends smoke cigarettes or chew tobacco 

5. My friends steal things from others 

6. My friends use drugs 

7. My friends get into fights with other kids 

8. My friends know where to buy drugs 

9. My friends get into trouble at school 

 

Teacher-Report Items 

 

1. Dangerous to be with 

2. Tough/Good fighter(s) 

3. Rebellious 

4. Drug/alcohol using 

5. A bad influence 

 

 
Notes. Items from self-reports were rated on a 4-point scale (1 = All of my friends are like that; 2 

= Most of my friends are like that; 3 = Just a few of my friends are like that; 4 = None of my 

friends are like that).  Items from teacher-reports were rated on a 5-point scale (1 = lowest 5% of 

students; 2 = lower 30% of students; 3 = middle 30% of students; 4 = upper 30% of students; 5 = 

highest 5% of students).  Self-report scores were reverse-keyed such that higher scores are 

indicative of greater affiliation with deviant peers. 
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Table 2.  Phenotypic Correlations between MPQ-Psychopathic Traits and Deviant Peer 

Affiliation. 

 

 

                   Fearless Dominance         Impulsive Antisociality         

  

 

Deviant Peer Affiliation   

 

 Total          .04     .37* 

 

 Men          .13*    .35* 

 

 Women                             -.04     .39* 

              

 
Notes.  Fearless Dominance and Impulsive Antisociality were estimated from regression weights 

of MPQ primary scales.  Scores on Deviant Peer Affiliation were log-transformed.  All variables 

were age-corrected separately within gender.  Correlations were estimated in Mplus with 

significance levels adjusted to account for non-independence of the twin observations. * p < .01. 
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Table 3.  Twin Correlations & Parameter Estimates from Univariate Models for MPQ-Psychopathic Traits and Deviant Peer Affiliation. 

 

     Twin Correlations                            __ Parameter Estimates  __                   

              MZ  DZ     a2
         c

2     e2
 

 Fearless Dominance 

 

 Combined  .45  .18     .45   .00   .55 

            (.39, .51)          (.08, .28)            (.31, .50)                    (.00, .12)           (.50, .61)  

Men   .45  .21    .46   .00   .54 

            (.36, .53)          (.06, .35)            (.24, .54)                    (.00, .19)           (.46, .62) 

Women   .45  .16    .43   .00   .57 

            (.36, .52)          (.03, .29)            (.21, .50)                    (.00, .19)           (.50, .65) 

Impulsive Antisociality   

 

Combined  .56  .26    .55   .00   .45  

            (.50, .61)          (.16, .36)             (.35, .60)                    (.00, .19)           (.40, .50) 

Men   .53  .23    .53   .00   .47 

            (.45, .60)          (.07, .37)            (.29, .60)                    (.00, .22)           (.40, .55) 

Women   .58  .29    .51   .06   .43 

            (.51, .64)          (.16, .41)            (.25, .63)                    (.00, .30)           (.37, .50) 

Deviant Peer Affiliation   

 

 Combined  .69  .48    .48   .22   .30 

            (.65, .72)          (.40, .56)            (.34, .65)                    (.06, .35)           (.27, .34) 

Men   .73  .43    .69   .05   .26 

            (.68, .78)          (.28, .55)            (.46, .78)                    (.00, .28)           (.21, .31) 

 Women   .65  .52    .33   .33   .34 

            (.59, .71)          (.42, .61)            (.15, .54)                    (.14, .50)           (.29, .39)        

  

Notes.  MZ = Monozygotic. DZ = Dizygotic. a
2
 = additive genetic variance. c

2
 = shared environmental variance.  e

2
 = nonshared environmental 

variance.  95% confidence intervals listed underneath twin correlations and parameter estimates.  Combined = sex-invariant model with parameter 

estimates constrained across gender.  A sex-variant model provided the best fit for Deviant Peers.  All variables were age-corrected. 
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Table 4.  Gene-Environment Correlations Between MPQ-Psychopathic Traits and Deviant Peer Affiliation from Bivariate Twin 

Models. 

 

 

    Deviant Peer Affiliation 

 

          Combined     Men            Women 

 

     rA   rE    rA   rE    rA   rE 

  

Fearless Dominance   .10            -.04   .32            -.11             -.06             .00 
                   (.01, .19)           (-.11, .03)         (.19, .45)         (-.22, .01)          (-.19, .06)          (-.10, .10) 

  

  

Impulsive Antisociality .47  .23   .46  .18              .47             .26 
                       (.40, .53)         (.15, .30)           (.35, .56)          (.07, .29)          (.38, .56)         (.16, .35) 

 

 

Notes.  Combined = sex-invariant models in which parameter estimates were constrained across gender.  rA = Genetic correlation; rE = nonshared 

environmental correlation.  Shared environmental correlations were omitted given that such effects were not detected for either psychopathy 

variable.  95% confidence intervals are listed underneath their respective parameter estimates.  Correlations in bold were significant.  All variables 

were age-corrected. 
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Table 5.  Model Fitting Results By Gender for Biometric Moderation of MPQ-Psychopathic Traits as a Function of Deviant Peer 

Affiliation. 
 

 

Men 
                     

      ____________________Fit Statistics_______________________      LRT (Full Moderation) 

 

 Model    -2LL        df       AIC             BIC          BICAdj          DIC      ∆χ2
             ∆df             p      

 

DPA Moderating FD 

 

 Full Moderation  4676.43    1774   1128.43        -3117.37     -302.21     -1487.17    3.54               6         .739 

 No Moderation  4679.97    1780  1119.97        -3134.05     -309.37     -1498.34    --          --    -- 

DPA Moderating IA 

 

 Full Moderation  4589.29    1774  1041.29        -3160.94    -345.78       -1530.74              13.13          6         .041 

 No Moderation  4602.42    1780  1042.42        -3172.83    -348.15       -1537.12    --          --    -- 

     

 A Moderation   4594.64     1778  1038.64        -3170.57    -349.06       -1536.70  5.35          4        .253 
 C Moderation   4597.60     1778  1041.60        -3169.08    -347.58       -1535.21  8.31               4   .081 

 E Moderation   4596.90     1778  1040.90        -3169.44    -347.93       -1535.56  7.61               4   .107 

 A & C Moderation   4591.97     1776  1039.97        -3165.75    -347.42       -1533.72  2.68          2   .262 

 A & E Moderation   4591.78    1776  1039.78        -3165.84    -347.51       -1533.81  2.49          2               .288 

 C & E Moderation   4591.45    1776  1039.45        -3166.01    -347.68       -1533.98  2.16          2   .340 
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Table 5.  Model Fitting Results (Continued). 

Women 
                     

      ____________________Fit Statistics_______________________      LRT (Full Moderation) 

 

 Model    -2LL        df       AIC            BIC           BICAdj          DIC      ∆χ2
             ∆df             p      

DPA Moderating FD  

 Full Moderation  6490.21     2422  1646.21       -4558.74      -713.96     -2333.07   20.37         6   .002 

 No Moderation  6510.58     2428  1654.58       -4567.88      -713.58     -2336.70     --         --    -- 

 

 A Moderation   6502.67     2426  1650.67       -4565.40      -714.27     -2336.05  12.46         4         .014 

 C Moderation   6502.85     2426  1650.85       -4565.31      -714.18     -2335.96  12.64         4     .013 

 E Moderation   6496.35     2426  1644.35       -4568.56      -717.43     -2339.21    6.41         4     .171 
 A & C Moderation   6498.67     2424  1650.67       -4560.95      -713.00     -2333.45    8.46         2     .015 

 A & E Moderation   6491.97     2424  1643.97       -4564.30      -716.35     -2336.79    1.76         2         .415 

 C & E Moderation   6491.28     2424  1643.28       -4564.65      -716.69     -2337.14    1.07         2     .586 

DPA Moderating IA 

 Full Moderation  6217.48     2422  1373.48       -4695.10      -850.33     -2469.44  42.68         6             < .001 

 No Moderation  6260.16     2428  1404.16       -4693.10      -838.79     -2461.91     --         --    -- 

     

 A Moderation   6234.91     2426  1382.91       -4699.28      -848.15     -2469.93  17.43         4        .002 

 C Moderation   6234.50     2426  1382.50       -4699.48      -848.35     -2470.13  17.02         4     .002 

 E Moderation   6222.88     2426  1370.88       -4705.29      -854.16     -2475.95    5.40         4      .249 
 A & C Moderation   6233.84     2424  1385.84       -4693.37      -845.42     -2465.86  16.36         2             < .001 

 A & E Moderation   6221.86     2424  1373.86       -4699.36      -851.40     -2471.85    4.38         2        .112 

 C & E Moderation   6219.23     2424   1371.23       -4700.67      -852.72     -2473.16    1.75            2   .417 

Notes.  –2LL = -2 log likelihood, df = degrees of freedom, AIC = Akaike’s Information Criterion; BIC = Bayesian Information Criterion; BICAdj = 

Adjusted Bayesian Information Criterion; DIC = Deviance Information Criterion.  LRT (Full Moderation) = Changes in chi-square (∆χ²), degrees 

of freedom (∆df), and p-values for Likelihood-Ratio Tests (LRT) in comparison to the Full Moderation model.  DPA = Deviant Peer Affiliation; 

FD = Fearless Dominance; IA = Impulsive Antisociality.  Boldface denotes best-fitting model. 
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Table 6.  Variance Estimates and Gene-Environment Correlations for MPQ-Psychopathic Traits as a Function of Deviant Peer Affiliation. 

  

         Moderator Level         Unstandardized Variance       Proportion of Variance (%)     Correlation with Moderator 

                           A             C        E    A            C       E               rA          rC     rE 

Fearless Dominance (Men)           

-2 .40 .01 .55 .42 .01 .57 .39 -1.00 -.11 

-1 .40 .01 .55 .42 .01 .57 .39 -1.00 -.11 

0 .40 .01 .55 .42 .01 .57 .39 -1.00 -.11 

+1 .40 .01 .55 .42 .01 .57 .39 -1.00 -.11 

+2 .40 .01 .55 .42 .01 .57 .39 -1.00 -.11 

 

Impulsive Antisociality (Men)           

-2 .68 .03 .46 .58 .03 .40 .22 1.00 .21 

-1 .58 .03 .46 .54 .03 .43 .30 1.00 .21 

0 .50 .03 .46 .50 .03 .47 .40 1.00 .21 

+1 .44 .03 .46 .47 .04 .50 .51 1.00 .21 

+2 .39 .03 .46 .44 .04 .52 .63 1.00 .21 

 

Fearless Dominance (Women) 

-2 .41 .01 .38 .52 .01 .47 .07 -1.00 .15 

-1 .41 .01 .46 .47 .01 .52 .07 -1.00 .06 

0 .41 .01 .56 .42 .01 .57 .07 -1.00 -.02 

+1 .41 .01 .67 .38 .01 .61 .07 -1.00 -.08 

+2 .41 .01 .79 .34 .01 .65 .07 -1.00 -.13 

 

Impulsive Antisociality (Women) 

-2 .49 .07 .22 .63 .09 .28 .33 1.00 -.02 

-1 .49 .07 .30 .57 .08 .35 .33 1.00 .18 

0 .49 .07 .41 .50 .07 .42 .33 1.00 .32 

+1 .49 .07 .56 .44 .06 .50 .33 1.00 .42 

+2 .49 .07 .74 .38 .06 .57 .33 1.00 .49 

 

Notes.  Proportions of variance are standardized estimates and thus sum to 1.00, whereas raw variance estimates do not necessarily sum to 1.00.  rA = Genetic 

correlation; rC = shared environmental correlation; rE = nonshared environmental correlation.  Moderator Level represented in standard deviation units.  

Significant moderation effects presented in boldface. 
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Figure 1.  Standard univariate twin model (for one member of a twin pair) of the biometric decomposition of Fearless Dominance (FD).  A = 

additive genetic variance, C = shared environmental variance, A = nonshared environmental variance.  The parameters for each path are constant 

across all individuals in the populations. 
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Figure 2.  Full Moderation Model (i.e., Bivariate Twin Model for one member of a twin pair with 6 moderation paths).  aC & aU = common and 

unique additive genetic variance, respectively; cC & cU = common and unique shared environmental variance, respectively; eC & eU = common and 

unique nonshared environmental variance, respectively.  DPA = Deviant Peer Affiliation (moderator).  FD = Fearless Dominance.  Notation in 

bold represents moderation parameters, which are added to the bivariate model and allow the common and unique ACE effects to vary as a 

function of the moderator. 
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Figure 3.  Unstandardized variance estimates for Fearless Dominance (FD) and Impulsive Antisociality (IA) in men from best-fitting 

models. Variance estimates are plotted as a function of Deviant Peer Affiliation (DPA). A = additive genetic variance, C = shared 

environmental variance, E = nonshared environmental variance.  
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Figure 4.  Unstandardized variance estimates for Fearless Dominance (FD) and Impulsive Antisociality (IA) in women from best-fitting 

models.  Variance estimates are plotted as a function of Deviant Peer Affiliation (DPA).  A = additive genetic variance, C = shared 

environmental variance, E = nonshared environmental variance.
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Chapter 4.  General Conclusions 

Prior empirical research on the development and etiology of psychopathy has 

been limited to behavior-based phenotypes, which fails to capture the core personality 

features of the syndrome.  In this dissertation, I sought to extend the developmental and 

behavior genetic literature of psychopathy from a personality-based approach using 

constructs of Fearless Dominance (FD) and Impulsive Antisociality (IA) – normal-range 

personality indices of the interpersonal-affective and social deviance dimensions of 

psychopathy, respectively.   

Using a community sample of male and female twins, the first study sought to 

investigate whether the underlying personality structure of these psychopathy dimensions 

exhibit distinct or comparable developmental trajectories from late adolescence to early 

adulthood.  Strong rank-order continuity was detected for FD and IA and was comparable 

in magnitude across the traits.  At mean- and individual-levels, however, distinct 

developmental trends emerged with FD remaining stable and IA declining substantially 

over this period.  As a whole, this study extends previous research on the development of 

psychopathy through its use of a longitudinal design, analysis of change at multiple 

levels, inclusion of a non-incarcerated sample of men and women, and investigation of 

personality-based constructs.  In addition, twin analyses from the first study revealed that 

stable sources of variance over time are attributable largely to genetic factors, with 

unique sources of variance in early adulthood due primarily to environmental factors and, 

to a lesser extent, genetic influences.     

The second study investigated processes of gene-environment interplay in the 

etiology of psychopathy, in relation to DPA, in male and female twins in late 
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adolescence.  Results indicated biometric moderation (G x E) in the context of rGE in the 

etiologic relationship between psychopathy and DPA.  At both phenotypic and genotypic 

levels, IA and DPA were strongly correlated with comparable associations across gender.  

Interestingly, several gender differences emerged in the findings including (a) greater 

heritability for DPA in men than women, (b) significant genetic correlations between FD 

and DPA in men but not women, and (c) distinct patterns of biometric moderation such 

that genetic effects decreased for IA in men with nonshared environmental effects 

increasing for both FD and IA in women.  These results demonstrate dynamic 

transactions between genetic and environmental factors in the etiology of psychopathy 

and highlight the importance of exploring gender differences in these processes.      

In addition to expanding the research literature on psychopathy from a 

personality-based conception, the findings from this dissertation have broader 

implications for theories on psychological development during the transition into 

adulthood and suggest exciting directions for future research.  Clearly, the transition into 

adulthood is a critical juncture in the life-course beset by innumerable changes (e.g., 

demographics, social roles, neurobiological change).  The challenge for developmental 

researchers is to identify the individual-level and contextual factors, as well as their 

interactions, which underlie the development of personality and psychopathology 

(Schulenberg, Sameroff, & Cicchetti, 2004).  Findings from this dissertation were 

consistent with prior research in demonstrating a link between DPA and psychopathy in 

late adolescence, and in observing substantial declines in psychopathic traits marked by 

aggression, alienation, and impulsivity.  An intriguing question is the extent to which 

developmental change in these traits during the transition into adulthood can be 
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accounted for by changes in deviant peer affiliations.  Future longitudinal work 

incorporating multiple assessments of DPA as well as other relevant covariates (e.g., 

parental monitoring, academic achievement, romantic relationships, employment) may 

help delineate the mechanisms underlying developmental stability and change in 

psychopathy and antisociality.  In addition, genetically informative designs can flesh out 

the complex etiologic link between psychopathy and DPA and the extent to which this 

relationship changes over time.  For example, longitudinal-biometric studies can assess 

whether the prominence of DPA as a specific source of environmental variance for 

psychopathy changes from late adolescence to early adulthood.  Furthermore, such 

studies could elucidate the specific form of rGE (active or evocative) operating in the link 

between psychopathy and DPA.  These are but a few examples of exciting avenues of 

research that remain the study of the development and etiology of psychopathy during 

“emerging” adulthood (Arnett, 2000).   

On a final note, it should be acknowledged that a structural model of personality 

was used to measure psychopathic traits in the current studies rather than the PCL-R – the 

measure most commonly used in the assessment of psychopathy.  As noted earlier, the 

use of the PCL-R is limited in non-incarcerated populations, and does not directly index 

the underlying personality structure of the syndrome.  However, given their modest 

correlations with the PCL-R factors, the MPQ psychopathy indices should not be 

considered isomorphic with the PCL-R (Benning et al., 2005).  This notwithstanding, 

pattern of relations with external criteria for FD and IA are consistent across community 

and prisoner samples and mirror the external correlates of PCL-R factors (Benning et al., 

2003, 2005; Blonigen et al., 2005; Witt et al., 2008).  These results provide support for 
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the construct validity of the MPQ factors given that they capture a highly similar 

nomological net as the PCL-R factors.  Moreover, this assertion is further strengthened 

by the fact that the developmental trends for the MPQ factors in the first study were 

congruent with previous findings for the PCL-R factors (Harpur & Hare, 1994). 

That said, a multi-method approach to assessment in future research on the 

development and etiology of psychopathy is still warranted.  In their meta-analysis, Rhee 

and Waldman (2002) found method of assessment to be a significant moderator of the 

magnitude of genetic and environmental influences on antisocial behavior.  In addition, 

Eaves (2006) has contended that research on G x E in psychopathology is susceptible to 

measurement artifacts.  As a consequence, conclusions from the present studies are 

limited to self-reported psychopathic traits.  While the advantages of self-report measures 

have been well articulated (Lilienfeld & Fowler, 2006), incorporation of valid interview-

based or observational measures may address the above-noted limitations. 

In closing, the findings from this dissertation extend the growing body of research 

on the development and etiology of psychopathy and espouse a conceptual framework for 

psychopathy that is theoretically linked to seminal clinical descriptions of the syndrome.  

Furthermore, given the developmental period under investigation as well as our approach 

to assessment, the present findings can be linked to other domains of research including 

normal personality, adolescent development, group socialization, and non-incarcerated 

(“successful”) psychopathy.  Hopefully, integration of empirical findings across these 

allied literatures may clarify longstanding theoretical debates in the study of psychopathy 

and ultimately delineate the precise mechanisms underlying the course and etiology of 

these traits.   
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