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Abstract This study examined the genetic and envi-
ronmental architecture underlying aggressive behavior
measured by the Life History of Aggression Question-
naire (LHA; Coccaro et al. 1997a). Following preliminary
phenotypic factor analysis procedures, multivariate
behavioral genetics models were fit to responses from
2,925 adult twins from the PennTwins cohort on five
LHA items assessing lifetime frequency of temper tan-
trums, indirect aggression, verbal aggression, fighting, and
physical assault. The best-fitting model was a 2-factor
common pathway model, indicating that these five
aggressive behaviors are underpinned by two distinct
etiological factors with different genetic and nonshared
environmental influences. Although there was evidence of
significant sex differences, the structure of the two factors
appeared to be quite similar in males and females, where
General Aggression and Physical Aggression factors
emerged. Heritability of these factors ranged from .37 to
.57, and nonshared environmental effects ranged from .43
to .63. The results of this study highlight the heteroge-
neous nature of the aggression construct and the need
to consider differences in genetic and environmental
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influences on individual aggressive behaviors in a multi-
variate context.
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Human aggressive behavior has long been a focus of study
across various disciplines, owing to its considerable cost to
society and pervasiveness among people of all ages, eth-
nicities and socioeconomic status. Consistent relations
have been found between aggression and other forms of
pathology, including violent and suicidal behavior,
depressive symptomatology, and somatic illnesses (Asberg
1994; Caspi et al. 1998; Friedman and Booth-Kewley
1987; Goodman et al. 2008; Riley et al. 1989; Swanson
et al. 1990). Aggressive behavior is a key component of
many psychiatric illnesses, including conduct disorder,
adult antisocial personality disorder, and borderline per-
sonality disorder, and may further be comorbid with others,
such as substance use disorders and bipolar disorder. Both
impulsive and premeditated aggression present the poten-
tial for significant physical and psychological harm to the
individual, to the targets of the individual, and to society in
general. Given these and other associated negative out-
comes, much effort has been devoted to increasing our
understanding of the etiology of aggressive behavior in the
hopes of mitigating its effects. In particular, as aggression
tends to show early onset and high stability over time
(Loeber and Hay 1997), and is found to aggregate in
families (Cadoret 1978; Frick 1994), several researchers in
this area have attempted to delineate the genetic and
environmental factors that influence their development and
manifestation.
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Heterogeneity of aggression

While genetic and environmental influences emerge reli-
ably in behavior genetic studies of aggression, their mag-
nitude can vary widely across individual studies. This
inconsistency can be attributed at least in part to method-
ological differences across studies. Meta-analyses by Miles
and Carey (1997) and Rhee and Waldman (2002) clearly
show that estimates of genetic and environmental effects
vary across mode of measurement or operationalization of
the aggression construct (e.g., different informants, or type
of aggressive behavior assessed). Additionally, the heter-
ogeneous nature of the aggression construct adds com-
plexity to the estimation of etiological effects across
studies. Various subtypes have been identified in the lit-
erature alongside the development of many different
measures of aggressive behavior (Suris et al. 2004), and
there is little consensus regarding the definition of the
aggression construct. Distinctions have been made between
reactive (usually impulsive, affective aggressive behavior
in response to provocation) and proactive (goal-directed,
pre-meditated) aggression (e.g., Poulin and Boivin 2000;
Vitaro et al. 1998), overt and covert aggression (e.g.,
Bjorkqvist et al. 1994), and many other forms.

Attempts to establish discriminant validity between
subtypes have included factor analyses of aggressive
behavior measures and identification of different predictors
and outcomes. Physical aggression has most often been
studied, and there have been many attempts to distinguish
it from other forms of aggression. For instance, physical
and social (or indirect) aggression have been found to be
two factorially distinct but correlated types of aggressive
behavior (Vaillancourt et al. 2003) with contrasting pro-
files. Bjorkqvist and colleagues posit that early aggressive
behavior shown by young children is usually physical in
nature, and indirect, or social, aggression is expressed later,
when verbal and sociocognitive abilities are more devel-
oped (Bjorkqvist et al. 1992). In addition, these two types
of aggression, while highly correlated, have been linked to
disparate outcomes. Physical aggression in children is
consistently associated with negative outcomes, such as
peer rejection (Dodge 1983) and later delinquency and
externalizing behaviors (Coie and Dodge 1998; Pulkkinen
1992; Stouthamer-Loeber and Loeber 1989) whereas
indirect social aggression has in fact been linked to positive
outcomes in some studies, such as greater popularity
among peers (Vitaro et al. 2006), and positive teacher-rated
characteristics (Xie et al. 2002a, b). Similarly, in adults,
research has sought to clarify the distinction between var-
ious aggressive subtypes, including impulsive (reactive)
and nonimpulsive (or premeditated) aggression (e.g.,
Berkowitz 1974; Linnoila et al. 1983). For instance, com-
pared to nonimpulsive aggression, impulsive aggression is
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more strongly related to anger (Barratt et al. 1999), guilt or
remorseful feelings (Barratt et al. 1999). In addition, Sch-
wartz et al. (1998) found that impulsive aggression in
children was more strongly related to hostility of attribu-
tional bias.

Genetic studies of aggression

Converging evidence from numerous univariate twin and
adoption studies indicates that both genetic and environ-
mental influences make substantial contributions to
aggressive and antisocial behavior. Recent reviews and
meta-analyses have reported overall heritability estimates
ranging from .32 to .50 (Mason and Frick 1994; Miles
and Carey 1997; Rhee and Waldman 2002). Significant
nonshared environmental influences are also consistently
found. Shared environmental influences tend to be small,
as is often the case in studies of personality traits and
disorders (Jang et al. 1996; Plomin and Daniels 1987;
Torgersen 2005). While exceptions are few (e.g., Plomin
et al. 1981), some studies do indicate that estimates of
heritability and environmental variance may depend on
the types of aggression or subpopulations studied. For
example, Coccaro et al. (1997b) found significant additive
or nonadditive genetic influences on the Indirect
Aggression, Verbal Aggression, Irritability, and Assault
subscales of the Buss-Durkee Inventory (BDHI; Buss and
Durkee 1957) in their sample of males, whereas Cates
et al. (1993) found significant heritability for Indirect
Aggression, Verbal Aggression, and Irritability, but not
Assault in their sample of females. Univariate analyses
such as these help to determine whether the heritability of
aggressive behavior varies across different constructs, but
are limited in that they do not elucidate the extent to
which aggressive behaviors that appear phenotypically
differentiable have shared or independent -etiological
influences, a question raised by several researchers (e.g.,
DiLalla 2002).

Multivariate behavior genetic studies can shed some
light on this debate by delineating the extent to which
genetic and environmental influences on individual sub-
types overlap with one another, though surprisingly few
such genetic studies have been published. Cholesky
modeling has been used in a handful of studies. In their
study of the BDHI subcales, Coccaro et al. (1997b) found
that patterns of genetic and environmental influence dif-
fered across behaviors; for example, the phenotypic cor-
relation (r) between physical assault and indirect
aggression was .36, with a genetic correlation (r,) of .42
and a nonshared environmental correlation (r.) of .58. In
contrast, the same correlations for physical assault and
verbal aggression were r = .50, r, = .16 and r. = .84.
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Coccaro et al.’s findings suggest that phenotypically
related aggressive behaviors or subtypes are likely to be
influenced by common genetic and environmental influ-
ences, but also by etiological factors specific to each
behavior. Moreover, the proportions of these influences
will differ widely depending on which specific aggressive
behaviors are investigated.

Saudino and Hines (2007) examined the overlap of
genetic and environmental influences on the use of
physical and psychological aggression (as measured by
the Conflict Tactics Scales; Straus et al. 1996) in 185
adult same-sex twin pairs. The two types of aggression
showed a moderate phenotypic correlation (r = .38), a
high genetic correlation (r, = .74), and a much lower
nonshared environmental correlation (r. = .30). Thus,
while physical and psychological aggression shared most
of their genetic etiology and a small amount of their
nonshared environmental influences, Saudino and Hines
(2007) concluded that etiological differences between the
two are a function of their nonoverlapping nonshared
environmental influences.

In a study of 6-year-old twins, Brendgen et al. (2005)
found that the significant phenotypic correlation between
teacher ratings of physical and social aggression (r = .43)
was underpinned by a strong genetic correlation (7, = .79)
and a lower nonshared environmental correlation
(re = .31). Similar results were obtained for peer ratings of
aggressive behavior, though the 7. in this case was non-
significant (r = .41, ry = .31, r. = .12). Shared environ-
mental influences were negligible for both teacher and peer
ratings. This pattern of a strong overlap of genetic and
weak overlap of nonshared environmental influences
underlying a moderate phenotypic correlation in children
resembles the pattern of results found by Saudino and
Hines (2007) in adults.

In another child study, Baker et al. (2008) recently
investigated the etiological distinction between reactive
and proactive aggression in a large sample of 9-10 year old
twins (N = 1219). While they found strong evidence to
distinguish the two subtypes in a phenotypic factor analy-
sis, results from the bivariate genetic analyses were less
straightforward. When measured by parent- and teacher-
report, genetic and shared environment correlations for
reactive and proactive aggression were large and signifi-
cant. Confidence intervals included 1.0, indicating com-
plete overlap of these etiological factors. However, for
child self-report, genetic and environmental correlations
were significantly greater than O but smaller and signifi-
cantly less than unity, indicating some independence of the
two forms of aggression. The contradiction in these find-
ings highlights the challenges faced when attempting to
elucidate the etiology of a construct with such great
methodological and substantive heterogeneity.

Alternatively, some researchers have attempted to
address the multivariate aspect of aggression by first per-
forming a phenotypic factor analysis on several aggressive
behaviors, and then examining the genetic and environ-
mental etiology of the resulting factor(s). For example, in a
study of child aggressive behavior, Ligthart et al. (2005)
employed principle components analysis to first derive two
phenotypic factors, ‘relational’ (similar to social, or indi-
rect) and ‘direct’ (similar to physical) aggression, from the
Aggression subscale of the Child Behavior Checklist
(Achenbach 1991). They found that these two factors were
underpinned by the same shared environmental influences,
but by partially independent genetic influences, a result that
contradicts the abovementioned findings of Brendgen et al.
(2005), which found a high genetic correlation between
physical and social aggression, and negligible effects of
shared environment.

In a study of adults, Vernon et al. (1999) employed
principal components analysis on 18 measures of aggres-
sion, elucidating a general aggression factor (which
received significant loadings from all 18 measures), and
three correlated factors: spontaneous aggression (which
received strong loadings from indices of physical aggres-
sion, as well as some indices of verbal aggression);
aggressive attitudes (comprising measures of impulsivity,
affective instability, hostility and anger), and verbal
aggression. Univariate analyses revealed a heritability of
.50 for the general aggression factor, and heritabilities of
44 to .54 for each sub-factor (with nonshared environment
accounting for the remaining variance), indicating sub-
stantial genetic influence. Moreover, genetic correlations
among the sub-factors were between .31 and .51. Though
the confidence intervals were not presented, the magnitudes
of the r, estimates suggest that there are both shared and
independent genetic influences acting on each of the
sub-factors.

A more informative methodology that can be used to
delineate the etiology of aggressive behaviors may be to
perform a genetic factor analysis on various subtypes; the
present study employs this approach. In contrast to the
procedure used by Ligthart et al. (2005) and Vernon et al.
(1999), which first groups aggressive behaviors together at
the phenotypic level and subsequently models their etio-
logical structure, this approach allows one to examine how
different behaviors group together based on their etiological
commonalities. Sluyter et al. (2000) used this methodology
in a twin study of testosterone and the aggression-hostility-
anger (AHA) syndrome in adult males. They examined
seven subscales of the BDHI (physical assault, indirect
aggression, irritability, negativism, resentment, suspicion
and verbal aggression; Buss and Durkee 1957). Multivariate
model fitting yielded a 2-factor solution where irritability
and resentment loaded highly onto one common genetic
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factor, and assault, negativism and verbal aggression loa-
ded onto a second common genetic factor. Indirect
aggression and suspicion crossloaded onto both common
factors. While two nonshared environmental influences
emerged, most variables loaded moderately onto both.
Consistent with most studies of aggression, shared envi-
ronmental influences were negligible. Sluyter et al. (2000)
interpreted their results as suggesting that the emotional
AHA and behavioral AHA components have different sets
of genetic influences and overlapping nonshared environ-
mental influences.

Sex differences

Another important issue to consider is whether etiological
influences on aggression differ in males and females. Early
research on sex differences largely asserted that males were
more aggressive than females (see Eagly and Steffen 1986;
Frodi et al. 1977). More recently, this finding has held up in
studies of physical aggression (e.g., Archer 2004) but is
less true of nonphysical forms such as relational aggression
(Crick and Grotpeter 1995). Coupled with research on
differential parenting and socialization effects in boys and
girls (e.g., Smetana 1989; Zahn-Waxler 1993), these find-
ings suggest that female aggression is not uncommon, but
tends to be nonphysical in nature.

In the behavioral genetic context, the nature of sex
differences is somewhat unclear. Differences in the etio-
logical make-up of aggression may well depend on the
type of aggression examined; for example, the influence
of environmental factors such as socialization may serve
to reduce heritability estimates of physical types of
aggressive behavior in women due to a restriction of
variance, whereas nonphysical types such as verbal
aggression may be more likely to show genetic variance
(Cates et al. 1993). Indeed, various studies employing
different aggression measures have found genetic influ-
ences on aggression to be greater in males than females
(e.g., Silberg et al. 1994; Van den Oord et al. 1994),
others find greater genetic influences on aggression in
females than in males (e.g., Eley et al. 1999), and yet
others conclude that they are equivalent between sexes
(Cadoret et al. 1995; Finkel and McGue 1997). The Miles
and Carey (1997) meta-analysis found that overall heri-
tability was slightly greater in males than females across
24 studies. In addition, Rhee and Waldman (2002) found
that, while estimates differed between sexes when all 51
studies were examined, this difference was attenuated
when studies of only one sex were excluded. More
specificity regarding the aggression measure employed
may provide some clarity regarding sex differences in
genetic and environmental influences.
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The present study

The purpose of the present endeavor was to explore the
genetic and environmental architecture of aggressive
behaviors over the lifespan, as assessed in adulthood via
the Life History of Aggression Questionnaire (LHA;
Coccaro et al. 1997a). The LHA is a self-report measure
developed using modified items from the Brown et al.
(1979) life history rating assessment and new items written
by EFC. In addition to 3 a priori subscales (Aggression,
Self-Directed Aggression, and Consequences/Antisocial
Behavior), a total aggression score may be created by
summing across all items. Initial psychometrics indicated
that the performance of the Aggression subscale (the LHA-
AGG), comprising temper tantrums, fighting, verbal
aggression, physical assault, and indirect aggression'
items, was nearly identical to that of the total score, leading
the authors to suggest that it be used on its own as a pri-
mary measure of life history aggression (Coccaro et al.
1997a). The LHA-AGG has since been used as a stand-
alone measure of aggression in several studies. Coccaro
et al. (2003) found that levels of a plasma free norepi-
nephrine metabolite correlated inversely with LHA-AGG
(but not with impulsivity) in personality disordered par-
ticipants. Another study by Boyle et al. (2008) found
higher LHA total and antisocial subscale scores in gener-
ally violent men as opposed to partner-only violent men,
and also reported a Cronbach’s alpha reliability of .87 for
the LHA-AGG. Though originally conceptualized as a
single a priori subscale, closer consideration of the LHA-
AGG subscale suggests some conceptual heterogeneity
among the individual behaviors (items) it assesses. In
particular, some of the items assess behaviors that are more
physical in nature (i.e., fighting, assault) than others
(tantrums, verbal aggression).

Prior to the focal behavior genetic analyses, preliminary
phenotypic factor analyses were performed on the 5 items
to confirm whether they are best described by a 1- or
2-factor structure. After these factor analysis procedures,
multivariate genetic factor models were applied to deter-
mine the genetic and environmental architecture that
underlies the variance and covariance relationships among
the items of the LHA-AGG. Sex differences in genetic and
environmental influences as well as in the genetic factor
structure were also explored.

' Within the larger body of the aggression literature, indirect
aggression usually refers to a subtype of aggression which includes
behaviors of social manipulation, such as spreading malicious lies
about someone, or excluding someone from a group. However, the
indirect aggression item of the LHA asks whether the respondent has
“deliberately struck or broken objects...in anger” (see Table 1).
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Methods
Participants

Participants were taken from the PennTwins Cohort, a
population-based sample of all twins born in Pennsylvania
between 1959 and 1978. Full details of the cohort devel-
opment can be found in Coccaro and Jacobson (2006). In
brief, beginning in 1996, an initial list of 77,012 individ-
uals who were likely to be part of a twin pair was extracted
from computerized birth records kept by the Division of
Vital Statistics at the Pennsylvania Department of Health.
This list was then cross-referenced with active driving
license records on file with the Pennsylvania Department of
Transportation, resulting in an address list of 30,801 indi-
viduals. Of these 30,801 individuals, 9,341 (40.8% of those
who had valid addresses and were eligible to participate)
returned consent-to-contact forms.

Effect size comparisons between individuals who con-
sented to participate and those who were unresponsive or
could not be located were made on age, race (Caucasian,
African American, Hispanic and other), marital status (never
married, currently married, and other), unemployment rate,
educational attainment (without high school degree, high
school degree only, and some college), household income,
per capita income, psychiatric diagnoses, and medical
diagnoses. This demographic information was extrapolated
via geocode analysis [see Coccaro and Jacobson (2006) for
details of this process]. While some differences between the
participants and the non-participants emerged, all Cohen’s d
statistics were .25 or below (mean Cohen’s d = .14), and
none of the comparisons represented discrepancies of
practical significance (Coccaro and Jacobson 2006). Thus,
any differences between participating and nonparticipating
twins were considered negligible and nonsystematic.

Procedure

Twins who consented to participate in the PennTwins
cohort were mailed a brief zygosity questionnaire con-
taining basic demographic questions as well as standard
twin similarity items, with a response rate of ~76%. Of the
7,282 twins who returned a zygosity questionnaire, slightly
more than one-half (51.4%) were female. The majority of
twins (N = 5,409; 74.3%) were from same-sex twin pairs,
with 1,798 twins (24.7%) from opposite-sex pairs. A small
number of twins (N = 75, ~1%) were not assigned a
zygosity because there was insufficient information to
determine whether they were from same- or opposite-sex
pairs. Approximately 60% of the overall sample were twin
pairs in which both twins returned zygosity questionnaires
(65% of twins from same-sex pairs and 50% of twins from
opposite-sex pairs).

Zygosity was established via genotyping in a subsample
of 169 twin pairs (N = 338 individuals), using 12 micro-
satellite markers from 12 different chromosomes. Twin
pairs were considered monozygotic (MZ) if they matched
on all 12 markers, otherwise they were considered dizy-
gotic (DZ). Zygosity of non-genotyped twins from same-
sex pairs was established through a discriminant function
analysis (DFA) of five standard twin similarity questions
(Lykken 1978): (1) whether the twin believed they were
MZ or DZ; (2) whether they and their twin were as alike as
peas in a pod, or of only ordinary family resemblance as
children; and how often it was difficult for (3) parents; (4)
teachers; and (5) strangers to tell the twins apart as chil-
dren. Of the 5,409 same-sex twins, the majority (97.7%)
had non-missing data on all five twin similarity items. A
small number (N = 70, 1.3%) were missing data on only
one twin similarity item. These twins were given scores of
‘2’ for the missing item and were included in the DFA.
Twins with more than one missing item (N = 55, 1.0%)
were eliminated from the DFA.

For the 1,536 twin pairs (N = 3,072 individual twins) in
which both twins returned zygosity questionnaires, the
DFA was based on both of their responses to the 5 zygosity
questions (i.e., all 10 individual items), using 163 geno-
typed pairs who also had complete data on all 10 items. For
the 1,949 twins whose cotwins did not return zygosity
questionnaires, the DFA was based on only their responses
(i-e., 5 individual items), using all 333 genotyped individ-
uals with non-missing twin similarity data as the compar-
ison. Slightly more than half (63%) of genotyped twin pairs
were MZ. The error rate of the DFA based on the geno-
typed twins was 6.7% among the paired twins, and 8.7%
among unpaired twins, consistent with other studies (Baker
et al. 2007; Torgersen 1979). Assignment of zygosity was
based on an 80/20 split, where twins with probability of
monozygosity greater than 80% were assigned MZ status,
and twins with probability of monozygosity <20% were
assigned DZ status. Twins who fell between 20 and 80%
were not assigned a zygosity. Among the 3,072 same-sex
twins from complete pairs, 69.9% were assigned MZ,
26.6% were assigned DZ, and 3.5% could not be assigned a
zygosity. Percentages among twins in which cotwins did
not participate were 53.0% MZ, 39.6% DZ, and 7.4%
unassigned.

A second survey, the Behavioral Health Questionnaire
(BHQ), was initially sent to all twin pairs in which both
twins had returned the zygosity questionnaire. This survey
contained a battery of personality and behavioral measures,
including the Lifetime History of Aggression Question-
naire, which is examined in this study. The response rate to
the BHQ was between 70 and 75%. BHQ data are currently
available for 3,065 individual twins. Males comprised
41.5% of the sample. In a small number of cases, zygosity
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data was either missing (N = 55) or zygosity could not be
established with certainty from the DFA analyses (N =
70), resulting in a possible total sample of 2,940 twins. The
average age of twins at the time they completed the BHQ
was 33.14 (SD = 6.02), with 80% of the sample between
the ages of 26 and 42.

Measures

Lifetime History of Aggression Questionnaire: Aggression
subscale

The content of the five items that make up the LHA-AGG
are given in Table 1. Each item is rated on a 5-point scale,
based on the total number of occurrences of a given
behavior since age 18 (0 = no occurrences, 1 = one
occurrence, 2 = two or three occurrences, 3 = four to nine
occurrences, 4 = 10 or more occurrences, and 5 = more
occurrences than can be counted). Initial development of
the LHA-AGG indicated good concurrent validity, internal
consistency (o = .87), inter-rater reliability (intraclass
correlation coefficient = .94), and test-retest reliability
(r = .80; Coccaro et al. 1997a).

Complete data on all 5 LHA-AGG items was available
for the majority of the sample (N = 2,899, 98.6%), and a
small number of twins had missing data on 1-4 items
(N = 26). The few individuals who had no valid LHA data
(N = 15) were excluded from the analyses. Thus, the
present analyses are based on a sample of 2,925 individual
twins, including 2,290 paired twins, comprising 538
monozygotic males, 824 monozygotic females, 192 same-
sex dizygotic males, 318 same-sex dizygotic females, 209
opposite-sex dizygotic males, and 209 opposite-sex dizy-
gotic females. Of the 635 unpaired twins in the sample, 259
were male and 376 were female.

Statistical analyses

We first applied factor analytic procedures to the 5 items of
the LHA-AGG subscale in order to determine whether a

Table 1 LHA Aggression subscale items

single latent factor underlies the subscale. Using the
MPLUS v.5.21 software program (Muthén and Muthén
1998-2007), exploratory factor analysis (EFA) was first
performed on one of the twins in each pair (e.g., the Twin 1
subgroup). The results of the EFA were then cross-vali-
dated in the second subgroup (e.g., Twin 2) via confirma-
tory factor analysis (CFA) procedures.

Subsequently, we employed a twin design that relies on
the different levels of genetic relatedness between MZ twin
pairs, who share 100% of their genes, and DZ twin pairs,
who share only 50% of their segregating alleles on average.
This difference allows for estimation of the genetic and
environmental influences on individual differences in a
given phenotype. In this study, phenotypic variation was
assumed to be due to three latent factors: additive genetic
effects (A); shared environmental effects (C); and nonsh-
ared environmental effects (E). Shared environmental
effects are those environmental factors which contribute to
similarities among family members (but may differ across
families), such as SES or parental education. Nonshared
environmental effects include uncorrelated errors of mea-
surement and those environmental factors that serve to
differentiate family members such as different peer groups
or accidents that affect only one twin. Comparison of the
within-pair covariances for MZ and DZ pairs allows for
estimation of the contribution of the additive genetic,
shared, and nonshared environmental influences to the
phenotypic variance. Models are readily extended to mul-
tivariate analyses, which also estimate genetic and envi-
ronmental influences on covariation across measures.

In the present study, the maximum-likelihood structural
equation modeling program Mx (Neale et al. 2003) was
used to estimate genetic and environmental influences on
the variances and covariances across items. Prior to fitting a
series of multivariate factor models, fully saturated and full
baseline Cholesky decomposition models were run.
Because full Cholesky models perfectly estimate the
genetic and environmental covariance structure of the data,
they are not very useful in testing theoretically driven
hypotheses about the sources of covariance across measures
on their own. To accomplish such tests, we fitted a series of

Item name

Since you were 18 years old, how many times had you...

Temper tantrums

...thrown a temper tantrum (for example: screaming, slamming doors, throwing things when

frustrated to the “breaking point™)

Verbal aggression
Indirect aggression
Fighting

Physical assault

...gotten into verbal fights or arguments with other people
...deliberately struck or deliberately broken objects (for example: windows, dishes, etc.) in anger
...gotten into physical fights with other people

...deliberately hit another person (or an animal) in anger
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Fig. 1 2-Factor ACE common pathway model

genetic factor models based on the common pathway (CP)
model.> Figure 1 presents a 2-factor CP model. Latent
factors (F1 and F2 in Fig. 1) are defined by manifest, phe-
notypic variables (V; through Vs) via factor loadings (fi,
through fs; on latent factor Fy, and f}, through fs5, on F,).
Genetic (A and A;) and environmental (Cy, C, E{, and E,),
influences operate through the latent factors. While covar-
iances among variables act through the latent factors, the CP
model also allows for specific influences on individual
variables which do not contribute to the covariance between
phenotypes. These are denoted by the subscript ‘s’ in Fig. 1.
For example, ag;, cs; and e are, respectively, the genetic,
shared environmental and nonshared environmental influ-
ences unique to V;. Correlations between factors operate
through correlations between the common latent influences,
depicted by the dashed lines with double-headed arrows.”

Hypotheses about model structure can be tested by
dropping specific parameter estimates to form simplified or
theoretically derived models. Similarly, sex differences are
examined by specifying a model in which parameters are
constrained to be equal across males and females, or by a
model which specifies different factor structures in males
and females.

Quantitative comparisons between models are per-
formed via nested model comparisons. The difference in
—2LL between nested models (the likelihood ratio test, or
LRT) follows a ;{2 distribution, and thus a critical value can

2 We also tested 1- and 2-factor independent pathway (IP) models,
which are unconstrained versions of the CP models. The CP models
did not show a significant reduction in fit compared to the IP models,
so only results from the CP models are presented here.

3 Allowing correlations between the factors in a full 2-factor CP
model results in model nonidentification. Thus, correlations between
the common A, C, and E factors are only added to factor models in
which the factor structure has been simplified.

be determined based on the difference in degrees of free-
dom between the models. A significant difference between
models indicates a significant degradation in fit between
the original model and the modified model. Model fit is
also determined by examination of other indices, including
the Akaike’s Information Criterion (AIC; Akaike 1987)
and the corrected Bayesian Information Criterion (BIC;
Schwarz 1978), where lower values indicate better model
fit.

Results
Means and phenotypic correlations

Raw means, standard deviations, and within-person phe-
notypic correlations for the 5 LHA-AGG items are given in
Table 2 for males and females. Males scored significantly
higher than females on indirect aggression, fighting, and
physical assault. We also tested whether LHA-AGG items
differed among twins whose cotwins participated versus
twins whose cotwins did not participate, using SAS PROC
MIXED to control for correlated observations within twin
pairs (not shown). None of the ANOVAs on the individual
LHA-AGG items were statistically significant (all p-values
>.08), indicating that non-response, as measured indirectly
through cotwin response, was not related to level of
aggression. Within-person phenotypic correlations ranged
from .26 to .57 in males, and .29 to .50 in females. All
correlations were significant (p < .05). Some evidence of
non-normality was found for three items: fighting, physical
assault, and indirect aggression (skewness = 1.25-1.78,
kurtosis = .83-3.01), thus a log transformation was
applied to these variables (after a constant of 1 was added
to their values).

Exploratory factor analysis (EFA)

Unweighted least squares extraction with oblique geomin
rotation was conducted on the 5 LHA-AGG items. One- and
two-factor solutions were extracted as theoretically possible
structures. Results are presented in Table 3. Examination of
the root mean square error of approximation (RMSEA),
standardized root mean square residual (SRMR), Compar-
ative Fit (CFI) and Tucker-Lewis Index (TLI) values indi-
cated that the one factor solution did not fit well
(/*(5) = 216.32, p <.001, RMSEA = .17, SRMR =
.05, CFI = .87, TLI = .75). The fit indices indicated that
the 2-factor solution provided a much better fit to the data,
(2(1) = .16, p = .69, RMSEA = .00, SRMR = .00,
CFI = 1.00, TLI = 1.00). Factor loadings of this solution
are given in Table 3. The pattern of loadings indicates that
the LHA-AGG subscale splits into two; temper tantrums,
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Table 2 Raw means, standard deviations, and within-person phenotypic correlations for the five LHA-AGG items

Temper tantrums Verbal aggression Indirect aggression Fighting Physical assault
Temper tantrums .50 49 35 40
Verbal aggression 43 .29 .29 34
Indirect aggression .57 35 .37 40
Fighting .26 33 .29 . .50
Physical assault .29 32 .36 .53
Mean (SD)—males 2.20 (1.59)° 3.14 (1.34)° 1.20 (1.32)*° 83 (L1D* 90 (1.23)*°
Mean (SD)—females 2.17 (1.62) 3.11 (1.41) 72 (1.16) 42 (.85) .59 (1.05)

Note: Male correlations in lower diagonal, females in upper diagonal. All correlations significant at p < .05. Nyaes = 1198, Niemales = 1727

 Significant mean differences between genders, p < .001

" Significant variance differences between genders, p < .05

Table 3 Factor loadings from the 2-factor result of the EFA and CFA on LHA-AGG items

EFA

CFA

Factor 1
Nonphysical aggression

Item

Factor 2
Physical aggression

Factor 2
Physical aggression

Factor 1
Nonphysical aggression

1. Temper tantrums 1.04
3. Verbal aggression 35
5. Indirect aggression 35
2. Fighting —-.03
4. Physical assault .01

.00
.29
.33
72
74

74

.59

.67 ..
72
70

verbal aggression, and indirect aggression form a single
factor and fighting and physical assault form a separate
factor.

Confirmatory factor analysis (CFA)

The 2-factor solution that resulted from the EFA was
subsequently tested via CFA in the Twin 2 subsample (see
Table 3). It showed an adequate fit to the data;
2*(1,4) = 80.56, p < .001, RMSEA = .10, SRMR = .04,
CFI = .95, TLI = .91, and the two factors yielded a cor-
relation of .68. All loadings were significant and all
residuals were positive.

From these analyses, the 2-factor result suggests that the
a priori LHA-AGG subscale can be taken to index 2 latent
factors, a Nonphysical Aggression factor® (temper tan-
trums, verbal aggression and indirect aggression), and a
Physical Aggression factor (fighting and physical assault
items).

4 Though the items temper tantrums and indirect aggression index
aggression that is carried out physically (i.e., slamming doors,
throwing, striking, or breaking objects, see Table I), the ad hoc factor
name “Nonphysical Aggression” is used to reflect the non-person
directed nature of the physicality.
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Multivariate genetic analyses

Results of the multivariate twin models are presented in
Table 4. Prior to running substantive models, model testing
indicated that a saturated model constraining means equal
within same-sex twin pairs and across MZ and DZ pairs
within gender did not show a significant decrease in fit
compared to a fully saturated model (LRT = 33.06,
df =40, p = .77), and thus was used as the saturated
comparison model (Model I) in Table 4. In addition, given
the mean differences between males and females on three
of the five LHA-AGG items, all means were allowed to
vary between sexes in the following genetic analyses. The
ACE Cholesky decomposition (Model II) fit the data well
compared to the means-equal saturated model, indicating
no significant differences in variance or phenotypic
covariance across Twin 1 and Twin 2, or across MZ and
DZ twins within sex. CE Cholesky (Model III) and AE
Cholesky (Model IV) models indicated that shared envi-
ronmental influences could be eliminated from the model,
but genetic influences could not be dropped. The full
2-factor ACE CP model (Model V) also fit the data well,
and did not fit the data significantly more poorly than the
ACE Cholesky model. Similar to results from the Chole-
sky, the 2-factor AE CP model (Model VII) was the best
fitting model of the three 2-factor CP models. Finally, the



Behav Genet (2010) 40:603-617 611

Table 4 Selected results of multivariate behavior genetic model fitting of the LHA-AGG items

Model —2LL df )4 AIC BIC Ay? Adf p Comparison
model

I. Saturated, means equal 56494.67 14310 . 27874.67 —2572.38

II. ACE Cholesky 56649.78 14495 .95 27659.78 —2893.27 155.11 185 .95 I

III. CE Cholesky 56707.21 14525 .54 27657.21 —2929.17 57.43 30 .00 II

IV. AE Cholesky 56668.24 14525 .98 27618.24 —2948.65 18.46 30 .95 I

V. ACE CP 2-factor full 56689.33 14527 .86 27635.32 —2942.41 39.56 32 17 I

VI. CE CP 2-factor full 56727.40 14541 46 27645.40 —2953.52 38.07 14 .00 \%

VII. AE CP 2-factor full 56693.48 14541 .94 27611.48 —2970.49 4.15 14 .99 \%

VIII. ACE CP 1-factor full 57077.78 14541 .00 27995.78 —2778.34 388.45 14 .00 \%

Note: CP = common pathway model; AE = model in which no shared environment parameters are estimated, CE = model in which no additive

genetic parameters are estimated; AIC = Akaike’s Information Criterion; BIC = corrected Bayesian Information Criterion

1-factor ACE CP (Model VIII) model fit the data very
poorly, indicating that a two-factor structure was necessary
to explain the covariance among the different aggressive
behaviors.

Further model testing was undertaken to simplify the
structure of the common factors in the best-fitting 2-factor
AE CP model (Model VII in Table 4). First, we tested
whether parameters could be equated across sex. This model
fit the data significantly more poorly compared to the model
with parameters estimated freely for males and females
(—2LL = 56863.77, df = 14563, AIC = 27737.77, BIC =
—2932.73, LRT = 170.29, df = 22, p < .001). Next, we
tested a correlated 2-factor AE CP model that corresponded
to the phenotypically-derived factor structure. The temper
tantrums, verbal aggression and indirect aggression items
were estimated to load only on one factor, and fighting and
physical assault were estimated to load only on a second
factor (with equality constraints on the factor loadings for
the second factor). This model also allowed for correlations
across factors via the common A and E influences. The fit
of this model was also significantly poorer than the 2-factor
AE CP model (—2LL = 56812.06, df = 14549, AIC =
27714.06, BIC = —2928.42, LRT = 118.58, df =8, p <
.001). As a final simplification, we dropped all nonsignifi-
cant parameters from the 2-factor AE CP model (the temper
tantrum factor loading on the second latent factor, and the
specific genetic influences on temper tantrums and physical
assault, for both males and females). This model resulted in
a nonsignificant change in fit (—2LL = 56695.22, df =
14547, AIC = 27601.22, BIC = —2982.53, LRT = 1.74,
df = 6, p = .94). Despite what appeared to be very similar
patterns of parameter estimates, this model still could not be
equated across sexes (—2LL = 56864.40, df = 14566,
AIC = 2773240, BIC = —2938.89, LRT = 169.14,
df = 19, p < .001; details available from author).

Further exploration of the significant sex differences
revealed that while the genetic and environmental

influences on the two latent factors could be equated across
males and females (LRT = .21, df =2, p = .90), the
standardized factor loadings’ could not be equated across
sex for either latent factor (LRT = 37.68, df =25,
p <.001; LRT = 15.04, df =4, p < .0l). In addition,
there was some evidence for sex differences on the stan-
dardized behavior-specific genetic and/or nonshared envi-
ronmental parameters (LRT = 14.65, df =8, p = .06).
Extensive posthoc analyses testing significant sex differ-
ences by behavior revealed significant differences for
temper tantrums, indirect aggression, fighting, and physical
assault, but not verbal aggression. Specifically, standard-
ized factor loadings could not be equated for any of the
above four variables (results available from author). In
addition, either the behavior-specific genetic and/or the
nonshared environmental parameters could not be equated
across sex for temper tantrums or indirect aggression.
Thus, the most parsimonious model could equate across
sex: (a) the genetic and environmental influences on the
latent factors, (b) the factor loadings for verbal aggression,
(c) the behavior-specific genetic factors for verbal
aggression and fighting; and (d) the behavior-specific
nonshared environmental factors for verbal aggression,
fighting, and physical assault (—2LL = 56701.38, df =
14555, AIC = 27591.38, BIC = —2996.69). Standardized
parameter estimates from this final model are shown
in Fig. 2, and Table 5 presents the variance components
for each of the five aggression behaviors based on this
model.

> Additional analyses (not shown) tested whether the observed sex
differences were due solely to differences in variances across sex.
Even while allowing for scalar differences, the differences between
males and females in the CP 2-factor models were still statistically
significant. However, given the significant variance differences across
sex, exploration of sex differences was done via constraints on the
standardized parameters (results available upon request).
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612
General Physical
Aggression Aggression |
Temper Verba.l Indlrec‘t Fighting Physical
Tantrums || Aggression || Aggression Assault

53888538 o

Fig. 2 2-Factor AE common pathway model showing standardized
estimates (when parameters could not be equated between sexes, male
parameters appear above and females appear below in italics).
* Denotes significant parameters based on a 95% confidence interval

Figure 2 shows that, in both sexes, a General Aggression
(GenAgg) factor emerged, with significant loadings from
all five aggressive behavior items. For both sexes, genetic
factors accounted for roughly half (53.9%; 95%
CI = 46.5-60.7%) of the variance in GenAgg, with
nonshared environment accounting for the remaining
46.1% (95% CI = 39.3-53.5%). The proportion of an
item’s variance accounted for by the latent factor can be
calculated by squaring the corresponding factor loading.
Thus, across sexes, the GenAgg factor accounted for
68.9-88.4% of temper tantrums, 27.0% of verbal aggression,

Table 5 Heritability estimates (and 95% Cls) from best-fitting model

26.0-43.6% of indirect aggression, 9.0-13.7% of fighting,
and 13.0-17.6% of physical assault.

The second independent factor accounted for 32.5—
36.0% of the variance in fighting and 37.2-42.3% of the
variance in physical assault. Loadings on this second factor
were statistically significant for verbal aggression and
indirect aggression, as well, but the factor accounted for
only 4.0% and 2.0-6.8% of their respective variances. This
factor was thus named Physical Aggression (PhysAgg), as
the main contributing aggression items index fighting and
assault. Genetic influences explained 38.3% of the variance
in PhysAgg (95% CI = 26.8-49.4%), with nonshared
environmental influences accounting for the remaining
61.7% (95% CI = 50.6-73.2%).

As shown in Table 5, total heritabilities ranged from .23
(physical assault) to .37 (temper tantrums) in males, and
from .24 (physical assault) to .48 (temper tantrums) in
females. With the exception of temper tantrums, total
heritabilities were nearly identical for males and females.
Behavior-specific genetic factors were significant for three
of the five behaviors: fighting, verbal assault, and indirect
aggression. Moreover, these specific genetic factors
accounted for 42.5-49.9% of the genetic variance in
fighting and verbal assault (see Table 5). Behavior-specific
genetic factors also accounted for nearly half (48.0%) of
the genetic variance of indirect aggression in females, but
just over one-quarter (29.1%) of the genetic variance in
males (Table 5). Consistent with the pattern of factor
loadings for the GenAgg and PhysAgg latent factors,
genetic influences that operated through GenAgg accoun-
ted for relatively larger proportions of the genetic variance

Total Proportion due  Proportion due Proportion Total > Proportion due  Proportion due Proportion
heritability to PhysAgg (%) to GenAgg (%) due to Ag (%) to PhysAgg (%) to GenAgg (%) due to Eg (%)
Temper tantrums
Males .37 (.31, .43) 0.0 100.0 0.0 .63 (.57, .69) 0.0 49.9 50.1
Females .48 (.42, .53) 0.0 100.0 0.0 .52 (47, .58) 0.0 78.1 21.9
Verbal aggression
Males .32 (.27, .37) 4.7 454 49.9 .68 (.63, .73) 3.6 18.5 77.9
Females .32 (.27, .37) 4.7 454 49.9 .68 (.63, .73) 3.6 18.5 77.9
Indirect aggression
Males .35 (.29, 42) 2.3 68.6 29.1 .66 (.58, .74) 2.0 31.0 67.1
Females .32 (.25, .39) 8.3 43.7 48.0 .68 (.61, .75) 6.4 18.0 75.6
Fighting
Males .33 (.28, .39) 42.0 14.6 434 .67 (.61, .72) 33.8 6.3 59.9
Females .34 (.28, .39) 36.2 21.3 425 .66 (.61, .72) 30.1 9.4 60.5
Physical assault
Males .23 (.17, .29) 70.2 29.8 0.0 7 (71, .83) 335 7.6 58.9
Females .24 (.19, .29) 59.8 40.2 0.0 .76 (.71, .81) 29.8 10.7 59.5

Note: PhysAgg = Physical Aggression latent factor. GenAgg = General Aggression latent factor. Ay = behavior-specific genetic influences.

E; = behavior-specific nonshared environmental influences
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in temper tantrums, verbal aggression, and indirect
aggression, while between 36.2 and 70.2% of the total
genetic variance on fighting and physical assault came
from genetic influence on the PhysAgg factor. Nonshared
environmental influences accounted for between 52.3 and
77.1% of the variance in each measure, with the majority of
nonshared environmental influence coming from behavior-
specific factors for all behaviors except temper tantrums in
females.

Overall, the significant sex differences resulted in rela-
tively subtle differences in patterns for males and females.
Temper tantrums loaded more strongly on the GenAgg
factor for females than males. Conversely, behavior-spe-
cific nonshared environment accounted for more variation
in males (31%) than females (12%). The overall herita-
bility of temper tantrums was also higher in females (.48)
than in males (.37). While fighting and physical assault
loaded more strongly on the PhysAgg factor than the
GenAgg factor for both males and females, the GenAgg
factor accounted for a slightly higher proportion of the
variance in fighting and physical assault in females com-
pared to males (14 vs. 9% for fighting; 18 vs. 13% for
physical assault), and the PhysAgg factor accounted for
slightly more variance in fighting and physical assault in
males compared to females (36 vs. 33% for fighting; 42 vs.
37% for males). Similarly, although the total heritabilities
for fighting (.33-.34) and physical assault (.23-.24) were
similar for males and females, the PhysAgg factor
accounted for a greater proportion of the genetic variance
in males (42 vs. 36% for fighting; 70 vs. 60% for physical
assault), while the GenAgg factor accounted for a higher
proportion of the genetic variance in females (21 vs. 15%
for fighting; 40 vs. 30% for physical assault). Finally, while
indirect aggression loaded very weakly on the PhysAgg
factor for both males and females, the GenAgg factor
accounted for a greater proportion of overall variance in
indirect aggression among males (.44) compared to
females (.26). Conversely, behavior-specific genetic and
nonshared environmental influences accounted for more
variation in indirect aggression among females compared
to males (.15 vs. .10 for specific genetic influence; .50 vs.
.44 for specific nonshared environmental influence).

Age effects

The sample ranged in age from 24 to 55. Based on mod-
erated means analyses using MXx, significant associations
with age were found for temper tantrums in males (r = .08,
p = .02), fighting in males (r = .07, p = .03) and females
(r=.10, p=.02), and physical assault in females
(r = .08, p = .04). Subsequent univariate genetic analyses
tested whether age moderated the genetic and environ-
mental variance components of each item; Xz difference

tests with df = 6 indicated no such moderation of the ACE
components for any of the 5 items (p = .17-.99). Further,
to ensure that the age range of our sample was not biasing
the multivariate results, the models described in Table 4
were re-run allowing for age-moderated means; results
were virtually unchanged. Thus, though age was signifi-
cantly related to three of the LHA-AGG behaviors, there
was no evidence of its moderation of the genetic and
environmental architecture of the LHA-AGG.

Discussion

The present study is one of only a handful of behavioral
genetic studies investigating genetic and environmental
heterogeneity within the general construct of aggression,
and is the first study to examine specific aggressive
behaviors measured by the Aggression subscale of the
Lifetime History of Aggression Questionnaire. Phenotypic
and multivariate genetic modeling showed that genetic and
environmental covariance across the five behaviors studied
(temper tantrums, verbal aggression, indirect aggression,
fighting and physical assaulf) could not be explained by a
single underlying latent factor, but instead was accounted
for by two etiological factors. Our results indicate that
despite moderate phenotypic correlations between all
individual aggressive behaviors (r = .26-.57), there are
both common and distinct genetic and nonshared envi-
ronmental factors underlying the covariance across
behaviors. Furthermore, we found both similarities and
differences across sex in the genetic and environmental
architecture of the five behaviors.

The best fitting multivariate model for the LHA-AGG
items was a 2-factor common pathway model in which two
latent factors were delineated. Shared environmental
influences, both common and behavior-specific, could be
omitted from the model. Simplification of the full common
pathway model involved dropping a nonsignificant loading
from temper tantrums on one of the factors, as well as the
behavior-specific genetic effects on temper tantrums and
physical assault. The resulting solution yielded a General
Aggression factor which drew strong loadings from temper
tantrums, verbal aggression, and indirect aggression and
significant but smaller loadings from physical assault and
fighting, and a Physical Aggression factor with strong
loadings from physical assault and fighting and weak
loadings from verbal aggression and indirect aggression.
Common genetic influences on the General Aggression
factor were slightly greater than common nonshared envi-
ronmental influences (54 vs. 46%). In contrast, the majority
of the variance of the Physical Aggression factor could be
attributed to common nonshared environmental influences
(62%) with only 38% due to common genetic influences.
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Interestingly, the General Aggression factor was also sig-
nificantly more heritable (.54) than the Physical Aggression
factor (.38).

The structure of aggression

While the phenotypic factor analysis yielded a correlated
2-factor solution with physical and nonphysical aggression
factors, the genetic factor analysis revealed a somewhat
different pattern of results. The results from the genetic
analyses indicate that there is an overall tendency to
behave aggressively which encompasses behaviors that are
both physical and nonphysical in nature, as indexed by the
General Aggression factor. However, the significant and
substantial loadings of fighting and physical assault on a
second factor suggest that some physical aggression is, in
part, etiologically distinguishable from this general ten-
dency. The necessity of a two-factor structure found in the
present study lends support to the current hypothesis that
aggression is not easily described as a unitary phenomenon
(Loeber and Hay 1997; Volavka and Nolan 2008). While
intercorrelations amongst types of aggressive behavior
have been well documented, variations in severity, corre-
lates, and onset differentiate various subtypes at all ages
(e.g., Berkowitz 1974; Bjorkqvist et al. 1992; Vaillancourt
et al. 2003; Vitaro et al. 20006).

Univariate studies of aggression provide some evidence
for the heritability of different aggressive behavior sub-
types, but do not inform the question of whether subtypes
such as physical and nonphysical aggression share under-
lying genetic and environmental influences, which requires
examination in a multivariate context. In the current liter-
ature, multivariate endeavors such as the present study are
few in number. Those that do exist in the extant literature
for the most part provide evidence for shared genetic
influences among aggressive behavior subtypes, but also
some etiological distinctions (Coccaro et al. 1997b; Sau-
dino and Hines 2007; Sluyter et al. 2003; Vernon et al.
1999). The emergence of a General Aggression factor from
the present study lends support to this notion of shared
etiology, but our finding of a second Physical Aggression
factor also suggests that there is some significant inde-
pendence of etiological influences. Although the total
heritability was remarkably similar across different types
of aggression, the patterning of genetic variance differed
substantially across behaviors. For physical assault and
fighting, most of the genetic variance came from the
Physical Aggression factor whereas for temper tantrums,
indirect aggression, and verbal aggression, most of the
genetic variance came from the General Aggression factor.
In addition, there were significant behavior-specific genetic
influences on fighting, verbal aggression and indirect
aggression but all of the genetic variance of temper
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tantrums and physical assault was shared with other
behaviors.

Sex differences

Of the five aggressive behaviors included in the present
study, we found mean level differences between males and
females only for the more physical behaviors (physical
aggression, fighting, and indirect aggression), where males
scored higher than females. In contrast, mean sex differ-
ences were not found for temper tantrums and verbal
aggression, consistent with several reviews indicating that
sex differences for verbal aggression are generally much
smaller than for physical aggression (e.g., Archer 2004;
Eagly and Steffen 1986; Knight et al. 2002). For the most
part, the heritabilities of the individual behaviors were
similar across males and females, however our study
showed significant sex differences in the patterns of genetic
and environmental variance and covariance. Heritability of
temper tantrums was significantly higher in females than in
males (.48 vs. .33). Fighting and physical assault loaded
more strongly on the General Aggression factor for females
than for males, perhaps indicating that physically aggres-
sive behaviors in males are less etiologically related to an
overall tendency toward aggressive behavior. Conversely, a
greater proportion of the genetic variance of indirect
aggression in males was due to genetic influences shared
with the other aggressive behaviors (from the General
Aggression factor) than in females (69 vs. 44%), whereas a
larger portion of the female heritability of indirect
aggression was due to genetic influences specific to that
behavior. Interestingly, there were no sex differences for
verbal aggression, indicating that the pattern of genetic and
nonshared environmental influences on verbal aggression
are similar in males and females.

We note that the sex differences reported here are subtle
and vary across behavior, and do not suggest a stark dif-
ference between males and females. Total heritabilities of
individual behaviors were also similar for males and
females. However, the fact that we did find subtle (but
significant) sex differences in the patterning of genetic and
environmental influences across behaviors may explain
some of the discrepancies that have been found in earlier
univariate studies of sex differences of aggression.

Limitations

There are a few limitations to this study that should be
considered in its interpretation. Overall, magnitudes of
variance component estimates from the present study were
in line with previous behavioral genetic studies of
aggressive behavior (Miles and Carey 1997; Rhee and
Waldman 2002), with individual behavior heritabilities
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ranging from .23 to .48, and heritabilities of the latent
aggression factors ranging from .38 to .54. However, the
results of this study may not generalize to other aggression
measures, in particular those which employ different
modes of assessment (e.g., observational or projective
methods, other-report or clinician diagnosis). This is a
necessary aspect of the study design; to further our
understanding of the etiology of aggression at large, we
must evaluate measures individually, subsequently exam-
ining the results in aggregate to gain consensus and identify
similarities across measures (and thus behaviors). Relat-
edly, not all subtypes of aggression were included in the
LHA-AGG (e.g., proactive, reactive, and relational
aggression) nor did our analyses include associated per-
sonality aspects such as hostility and negativity that have
been included by others (e.g., Sluyter et al. 2000). This
limits a direct comparison of our results with prior
research. In addition, the aggressive behaviors included in
the LHA-AGG were measured with single items, which
may have attenuated estimates of heritability. Finally, the
LHA is a primarily self-report, retrospective measure, and
thus scores may be subject to recall bias and error.

A second limitation of this study is that it is likely that
our analyses were overpowered. For example, we could not
drop the factor loadings for verbal aggression and indirect
aggression from the Physical Aggression factor, even
though this factor accounted for less than 10% of the
variance in these behaviors. Similarly, although the mag-
nitudes of sex differences were relatively small, models
equating all parameters for males and females consistently
fit more poorly than models allowing for sex differences.
Though specific sex differences in given parameters could
be pinpointed, we note that the overall patterns of genetic
and nonshared environmental influences appear more
similar than different between males and females.

Finally, as with many twin studies that rely primarily on
volunteer participants, some study limitations may have
arisen due to sample characteristics. Firstly, our sample had
a wide age range, which could have affected results given
that differences in heritability of aggressive behaviors have
been reported when comparing child- and adolescent-aged
samples to adult samples (e.g., Miles and Carey 1997).
However, this concern is mitigated by the fact that all of
our participants were adults, and furthermore, a series of
secondary analyses directly investigating possible effects
of age on our genetic analyses indicated no such effects.
Secondly, in large community samples such as ours, non-
participation rates can introduce bias. While response rates
for the Zygosity Questionnaire and the Behavioral Health
Questionnaire were between 70 and 75%, only 41% of
twins initially contacted actively consented to be part of the
PennTwins Cohort. However, our study pool was recruited
through systematic identification of twins (as opposed to

general advertising strategies), and demographic and geo-
code data revealed few meaningful differences between
responders and non-responders (Coccaro and Jacobson
2006). Moreover, our analyses investigating effects of co-
twin participation in the present study found no significant
differences in mean levels of aggression among twins in
which both twins participated, and twins in which only one
twin participated.

Summary

The present study makes a number of contributions to our
understanding of the genetic and environmental underpin-
nings of aggressive behaviors over the lifespan. First, our
results provide evidence for moderate but significant heri-
tability of these behaviors, along with strong nonshared
environmental influences. Second, though some significant
sex differences were found, the etiological architecture of
the aggressive behaviors studied was remarkably similar
between males and females. Finally, these findings warn
against blindly lumping aggressive behaviors together in
research. Both phenotypically and etiologically, the five
items of the Aggression subscale of the Lifetime History of
Aggression Questionnaire clearly could not be explained
by one factor, and required the specification of a two-factor
structure. The distinction between physical and nonphysi-
cal aggressive behaviors is made on the level of etiological
influences, which can have downstream effects on rela-
tionships with other variables of study. Thus, future
research should systematically evaluate whether the factors
that predict aggressive behavior are similar for various
types of aggression.
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