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Abstract

Adolescent aggression was explored in relation to neighborhood and genetic characteristics. Child saturation (the
proportion of the population consisting of children under the age of 15), ethnic heterogeneity, poverty, and urbanicity of
neighborhoods were examined in relation to adolescent aggression in 12,098 adolescents followed longitudinally for 1 year.
Longitudinal analyses indicated that child saturation was positively associated with increases in aggression, with this
finding emerging among those living in the same neighborhood at both testing times and those who moved between
testing times. In a subsample of males for whom genetic data were available, the relation of child saturation to adolescent
aggression was moderated by the monoamine oxidase A (MAOA) gene. The regression of aggression on child saturation
was steeper for those with the low activity version of the MAOA allele than among those with the high activity version of
the allele. The implications of the results for an understanding of the origins and ontogeny of aggression and personality
disorders are discussed.

Adolescent aggression is a problem of tremen-
dous social importance and of enduring interest
to researchers. Adolescents, particularly males,
are at considerable risk from aggressive interac-
tions, and pose a threat to others as well. Ag-

gression resulting from poorly regulated emo-
tion within malfunctioning social relationships
is symptomatic of personality disorders (Good-
man, New, & Siever, 2004), a set of related psy-
chiatric syndromes that are associated with poor
adaptation in adulthood (Johnson, Cohen, Doh-
renwend, Link, & Brook, 1999). Specifically,
aggression is characteristic of antisocial person-
ality disorder (including conduct disorder, its
childhood antecedent); in addition, the anger
control problems that are characteristic of bor-
derline personality disorder may involve ag-
gression. Aggression in adolescence may repre-
sent a risk factor for either of these personality
disorders in adulthood or may be an earlier
manifestation of personality dysfunction that
is linked to long-lasting difficulties in function-
ing in adulthood. Disruptive behavior disorders
in adolescence, which often involve aggressive
behavior, clearly predict Cluster B (borderline,
antisocial, histrionic, and narcissistic) personal-
ity disorders in adulthood (Helgeland, Kjels-
berg, & Torgersen, 2005).
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The social burden and individual hardships re-
sulting from high levels of adolescent aggression,
combined with its association with personality
disorders and poor adaptation in adulthood, have
focused attention on the origins, developmental
course, prevention, and treatment of adolescent
aggression. Explanations for adolescent aggres-
sion range from those that focus on macrosocial
influences such as culture (TV, popular music)
and social inequalities (income stratification) to
the structure of the genome. Examination of these
various accounts reveals simultaneously the mul-
tiply influenced nature of aggression as well as the
explanatory weaknesses of any single theory.

Similarly, theoretical models for personality
disorders posit interactions among biological
and social factors (Goodman et al., 2004). Evi-
dence for biological contributions to the emerg-
ence of personality disorders can be found in be-
havioral genetics (Livesly & Jang, 2008). Social
factors seem important as well, because personal-
ity disorders, like other psychiatric syndromes,
are associated with social class (Regier et al.,
1993) in adulthood. Adolescents living with fam-
ilies in the bottom of the social class hierarchy are
more likely than those living in affluent families
to develop personality disorders, even when
childhood symptoms are statistically controlled,
suggesting that environmental conditions may
contribute to the onset of personality disorders
(Johnson et al., 1999).

The research presented in this paper focuses
on adolescent aggression, because aggression is
both a problem in its own right and a frequent
constituent of certain personality disorders.
We propose that neighborhood characteristics
influence change in aggression, with the effects
of neighborhoods partially moderated by ge-
netic characteristics of the adolescent. Thus, the
goals of this study are to (a) examine the asso-
ciations between neighborhood characteristics
and adolescent aggression and (b) examine
the potentially moderating effect of the mono-
amine oxidase A (MAOA) gene, which appears
to relate to the predisposition to be reactive
to social threat cues, on these associations. To
the best of our knowledge, ours is the first to as-
sess a Gene�Neighborhood Characteristic in-
teraction on aggression development (although
there are numerous studies examining Gene�
Family Environment interactions). Our expla-

nation is intended to supplement, not replace, the-
ories that emphasize psychological and family
mechanisms in the development of aggression.
In the discussion, we shall sketch the outlines of
how our model might be aligned with others to-
ward providing a full account of adolescent ag-
gression as well as make some suggestions about
the origins and ontogeny of personality disorders.

How Do Neighborhoods Influence
Aggression?

Models of neighborhood influence

A number of theoretical models have been pro-
posed to explain the mechanism behind the appar-
ent effects of neighborhoods on development. In
1942, Shaw and McKay proposed the community
social disorganization theory, which suggested
that neighborhood characteristics affect behavior
via the formal and informal institutions that they
promote (or do not promote). This neighborhood
organization could keep order or not, depending
on the extent and characteristics of the institutions.
In the following decades, other models devel-
oped, and in 1990, Jencks and Mayer reviewed
five models of neighborhood effects that had
emerged by that point. Neighborhood institutional
resource models focus on the effects of resources
like libraries, parks, community centers, and po-
lice. Collective socialization models emphasize
the importance of adult role models, socialization,
and monitoring. Contagion models posit that the
negative behavior of neighbors/peers in the neigh-
borhood can spread, like an epidemic. Competi-
tion models highlight the negative effects of hav-
ing neighbors or peers compete for scarce re-
sources. Finally, relative deprivation models sug-
gest that negativelyevaluating one’s own situation
relative to those of neighbors is harmful. In a re-
cent review, Leventhal and Brooks-Gunn (2003)
suggested that researchers should be guided by
three prominent theoretical orientations toward
neighborhood effects on children’s development:
(a) institutional resource models, which focus on
the effects of the quantity and quality of resources
(recreational, educational, health, employment,
etc.) in the community; (b) relationships and ties
models, which focus on the effects of neighbor-
hoods on behaviors of parents and characteristics
of the home; and (c) norms and collective efficacy
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models, which focus on how much formal and in-
formal institutions in the neighborhood monitor
and control people’s behavior.

Characteristics of neighborhoods

By far the most frequently investigated charac-
teristic of neighborhoods studied is economic
disadvantage. Researchers have variously used
the percentage of families living below the pov-
erty line, median household income, percentage
of college graduates, and so forth, to indicate the
degree to which a neighborhood is thriving or
struggling economically. Youth growing up in
neighborhoods with low levels of socioeco-
nomic status (SES) tend to engage in more exter-
nalizing behavior (Chase-Lansdale, Gordon,
Brooks-Gunn, & Kiebanov, 1997), more aggres-
sive behavior (Kupersmidt & Griesler, 1995),
more severe and frequent delinquent behavior
(Loeber & Wikstrom, 1993), and more criminal
behavior (Sampson & Groves, 1989). This asso-
ciation is particularly strong among younger,
compared to older, adolescents (Loeber & Wik-
strom, 1993). In addition, evidence from a twin
study indicates that neighborhood effects influ-
ence behavior problems in young children above
and beyond heritable liability to problem behav-
ior (Caspi, Taylor, Moffitt, & Plomin, 2000).
Thus, although the evidence regarding causality
is not clear, it appears likely that neighborhood
SES does influence the aggressive and delin-
quent behavior of some youth.

Ethnic and racial heterogeneity is a second
quality of neighborhoods frequently studied in
connection with crime and delinquency. Ethnic
and racial groups provide identities for neigh-
borhood members as well as serve as sources
of social capital for their members, but can
also serve to divide members of neighborhoods
into groups competing for resources. Most the-
orists have postulated that ethnic and racial het-
erogeneity in neighborhoods is likely to contrib-
ute to social strain and social disorganization,
and consequently, have predicted that neighbor-
hood heterogeneity ought to be positively re-
lated to crime and delinquency. There is evidence
consistent with this hypothesis. Neighborhood
heterogeneity is negatively associated with so-
cial trust (Putnam, 2007); people living in neigh-
borhoods that are ethnically heterogeneous may

trust their neighbors less and/or invest less into
those neighborhoods, resulting in a “hunkering”
phenomenon in which people are isolated from
their neighbors. If this occurs, the collective so-
cialization and monitoring of young people may
decrease, making them more likely to engage in
antisocial behavior. Indeed, research demon-
strates that neighborhood heterogeneity is posi-
tively associated with juvenile and adult crimi-
nality (Bellair, 1997; Sampson & Groves, 1989;
Warner&Pierce,1993).

A third characteristic of neighborhoods po-
tentially of consequence is youthfulness. Some
areas have populations in which children and
adolescents compose large fractions of the total.
Such regions have been variously labeled as
high in child saturation (Hart, Atkins, Markey,
& Youniss, 2004) or as characterized by youth
bulges (e.g.,Huntington, 1996), dependingupon
the researchers’ disciplinary affiliations and spe-
cific interests. There is a consensus, however,
that populations characterized by high percent-
ages of youth may be more prone to social disor-
ganization (Goldstone, 2002). In the United
States, neighborhoods with young populations
report more property crimes (Bellair, 1997).

Fourth, researchers in delinquency often ex-
amine the degree to which a neighborhood is
urban or rural (e.g., De Coster, Heimer, & Wit-
trock, 2006), with observed effects generally
suggesting that urban environments foster de-
linquent behavior (Kauffman, 2005).

Individual differences in openness
to neighborhood influences

Individuals’ characteristics may influence their
likelihood of being affected by particular neigh-
borhoods. For example, research has demon-
strated that physiological (Hart, Eisenberg, &
Valiente, 2007) and genetic (e.g., Caspi et al., 2002,
2003) characteristics of individuals interact with
family environment in the prediction of problem
behaviors and depression. Similar findings have
emerged in the study of delinquency. Lynam
et al. (2000) studied the interaction of impulsiv-
ity, a characteristic of the individual, and neigh-
borhood economic disadvantage. They found
that impulsiveadolescents, incomparison toado-
lescents low in impulsivity, were particularly at
risk to become involved in delinquent activity if
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they lived in neighborhoods high in economic
disadvantage. Impulsive adolescents were only
marginally more likely to be involved in delin-
quentactivities than adolescents low in impulsiv-
ity if they were living in affluent neighborhoods.

Genetic factors have also been studied in rela-
tion to delinquency. Forexample, Guo, Roettger,
and Shih (2007) examined the association of
polymorphisms in genes involved in the regula-
tion of the dopaminergic system, and found reli-
able differences in levels of delinquency among
adolescents with different polymorphisms. Guo
and colleagues (2007) noted that existing re-
search does not reveal clear relations between
the polymorphisms they studied and neurologi-
cal functioning, and consequently, the reported
associations are difficult to interpret. The authors
suggested that future work is needed to deter-
mine whether the specific polymorphisms they
studied are of functional importance or whether
these polymorphisms are simply associated with
as-yet unidentified genes that are of functional
significance in delinquency. Guo, Roettger, and
Cai’s (2008) more recent paperexamined the sta-
tistical interactions of the polymorphisms de-
scribed above as well as those in the MAOA
gene with a variety of family, school, and peer
variables. They report that interactive effects
are often evident with all three genes. As the au-
thors note, however, the gene–environment in-
teractions identified in this studyoffer little direct
evidence of developmental processes. For exam-
ple, the significant interaction between MAOA
polymorphisms and grade retention (repeating
a year of school in the same grade for reasons
of unsatisfactory academic progress) in the pre-
diction of delinquency is in need of theory and
replication before it can become part of the foun-
dation for an understanding of Gene�Environ-
ment interactions.

In this study, we examined the interaction of
the MAOA polymorphism and neighborhood
qualities in the prediction of delinquency. Poly-
morphisms in the MAOA gene are associated
with individual differences in the functioning
of the monoamine system (which includes the
neurotransmitters norepinephrine, serotonin,
and dopamine; Flugge, van Kampen, & Mijn-
ster, 2004). The MAOA gene produces MAOA,
an enzyme involved in the catabolism of seroto-
nin and other monoamines. Polymorphisms on

the MAOA gene affect transcription, with the
short version (allele) of the polymorphism pro-
ducing less MAOA than the longer allele
(Meyer-Lindenberg et al., 2006). Research sug-
gests that the longer allele is associated with ad-
vantageous outcomes in response to extreme
stress such as child abuse (e.g., Caspi et al.,
2002; Kim-Cohen et al., 2006), presumably as
a result of high levels of MAOA effectively reg-
ulating the monoamine system.

An inspection of results reported by Caspi
et al. (2002) suggests that there may be a cross-
over interaction between the MAOA polymor-
phism and stress. At low levels of family stress,
in the absence of child abuse, for example, there
is a trend for children with the short MAOA allele
to be at lower risk for the development of anti-
social behavior in adulthood. One possible inter-
pretation of this finding can be drawn from
Boyce and Ellis (2005), who suggested that
what appear to be genetic liabilities in some con-
texts may be strengths in others. Specifically,
Boyce and Ellis (2005) proposed that some chil-
dren may be biologically predisposed to be sen-
sitive to their environments, whereas others may
be relatively insensitive. The former type of
child, which was labeled by Boyce and Ellis as
an “orchid” child, flourishes in contexts in which
there are relatively low levels of stress. However,
when the environment is unpredictable, stress-
ful, and suboptimal for development, the orchid
child may fare poorly. Conversely, children with
relatively nonreactive tendencies, called “dande-
lion” children, may not prosper as much as reac-
tive children in optimal contexts, but they may be
more resilient under stress.

Eisenberger,Way,Taylor,Welch,andLieber-
man (2007) have proposed that the MAOA alleles
may play an important role in social sensitivity.
Specifically, Eisenberger et al. (2007) propose
that the short allele may potentiate sensitivity
to social rejection. In their study, individuals
with the short MAOA polymorphism were found
to experience more distress as a result of experi-
encing social exclusion in an experimental task,
and this distress was found through functional
magnetic resonance imaging to be mediated
by level of activity in the dorsal anterior cingu-
late cortex. These results suggest that MAOA
polymorphisms contribute to social sensitivity
through neurological mechanisms in the limbic
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area of the brain. Concretely, then, one might ex-
pect those with the short allele to seek to be ac-
cepted, and to experience high levels of distress
culminating in aggression when they are not.

Current Study: Interactions Between
Neighborhood Characteristics and Genes

Two kinds of interactions might occur between
neighborhood and genetic characteristics in the
prediction of delinquency. First, research has sug-
gested that MAOA polymorphisms may affect
individuals’ susceptibility to family stress (Caspi
et al., 2003); this finding might be extended to pre-
dict that MAOA polymorphisms predict suscepti-
bility to the kinds of stress associated with neigh-
borhood poverty. Specifically, we predicted that
the slope of the regression of delinquency on
neighborhood poverty would be greatest for ado-
lescents with the short allele of the MAOA gene,
which is the polymorphism that in previous re-
search has proven to be associated with develop-
mental liability under high levels of familial stress.

Second, we tested the relation of MAOA poly-
morphisms with child saturation. If the short al-
lele of the MAOA gene induces fear of social re-
jection, then those with this allele should show
greatest conformity to group norms to avoid re-
jection. In respect to delinquency, this means
that those who are motivated to avoid social re-
jection are most inclined to avoid delinquent be-
havior in the presence of many adults, as adult
norms generally do not endorse delinquent be-
havior. However, in the presence of other adoles-
cents, delinquent behavior is likely to be partially
decoupled from social rejection, because many
adolescents themselves are involved in delin-
quent behavior, and because teen norms are more
accepting of it. We predicted that the slope of the
regression of delinquency on child saturation
would therefore be greatest for those with the
short version of the MAOA gene, as these adoles-
cents would be expected to avoid delinquency at
low levels of child saturation (because adult norms
prevail in such settings) but participate more in
such activities as child saturation increases (and
adult norms become less controlling of behavior).
Wehadno theoretical reason to test for interactions
between polymorphisms on the MAOA gene and
neighborhood urbanicity and neighborhood eth-
nic heterogeneity, so we did not do so.

Because the MAOA gene is on the X chromo-
some, males have only one allele, thus simplify-
ing the study of the relation of the allele to mood
and emotion (in contrast, females have two al-
leles). Moreover, there is evidence of a MAOA
�Gender interaction (Meyer-Lindenberg et al.,
2006), suggesting that MAOA levels affect
males and females differently. Consequently,
we assess the interaction of MAOA gene alleles
and neighborhood qualities only in males.

Current Study: Analytic Plan

In this study, we first examined how neighbor-
hood characteristics (specifically, poverty, ur-
banicity, child saturation, and racial hetero-
geneity) were associated with aggression during
adolescence, as well as change in aggression
over a 1-year period during adolescence. We then
focused on a subset of adolescents who moved
between the first and second assessments and
assessed whether the change in each neighbor-
hood characteristic was associated with change
in aggression. Finally, we examined whether in-
dividual characteristics (MAOA allele type) moder-
ated the effect of neighborhoods on change in
aggression during adolescence. We expected
that neighborhood urbanicity, child saturation,
and racial heterogeneity, all of which could affect
how threatening neighborhoods feel to youth,
would be associated with aggression and in-
creases in aggression. We expected that among
youth who changed neighborhoods, those who
moved to a neighborhood with higher levels of
these factors (greater urbanicity, more child sat-
uration, and more racial heterogeneity) would ex-
hibit increases in aggression. In addition, we ex-
pected that youth with the short MAOA allele
would be particularly reactive (i.e., exhibit in-
creases in aggression) in the presence of high
levels of child saturation. We focused on males
in the analyses examining MAOA allele types,
for the reasons discussed. (Males only carry one
copy of the gene; because females carry two
copies, it is impossible to know which is active.)

This study has a number of methodological
strengths. The use of a large, community-based
sample eliminates the biases associated with
treatment-seeking populations and provides
enough power to examine interaction effects.
Neighborhoods from a broad range of socio-
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economic strata were included, thereby avoiding
the restricted range of neighborhoods found in
many studies of neighborhood effects (Brooks-
Gunn, Duncan, Leventhal, & Aber, 1997). Within
this sample, most participants did not move be-
tween the two assessments, whereas a smaller
number did move; this allowed us to examine those
who moved neighborhoods separately from those
who remained in the same neighborhood during
the period under study. We rely on census data
for our measures of neighborhood characteristics,
eliminating the potential correlation between geno-
type and perceptions of neighborhoods (i.e., if the
MAOA gene affects the perception of threat, self-
reports of neighborhood characteristics may be
confounded with the presence of this allele).

Method

Sample

Participants were drawn from a stratified random
sample of middle and high school students in the
United States (Waves 1 and 2 of the National
Longitudinal Study of Adolescent Health, or
AddHealth; Udry, 2003). At the first testing
time, Time 1 (T1, 1994–1995), 80 high schools
were selected to be nationally representative in
terms of size, school type, census region, and
percent of the student body that was White. Mid-
dle or junior high schools that sent graduates to
the 80 high schools were then recruited to par-
ticipate, resulting in 145 high schools and middle
schools in the final sample. More than 90,000
students from these schools were surveyed. From
this group of 90,000, approximately 27,000
were selected to form a core sample; participants
in this core sample completed surveys at home
and their parents were interviewed. Of the core
sample, there were 17,260 participants (50% fe-
male; age range¼ 11–21) for whom aggression
scores, demographic information, and neigh-
borhood data were available. These participants
formed the sample for the analyses of the rela-
tion of neighborhood characteristics to aggres-
sion. One year later at Time 2 (T2), 12,098 of
these participants were (a) reinterviewed (N ¼
14,738, or 71% of the original sample; age range
¼ 11–23) and (b) still living in the same neigh-
borhood as at T1. These participants were the
sample for the second analysis, which assessed

the time-invariant effects of neighborhood quali-
ties on aggression. There were 579 participants
for whom aggression measures were available at
T1 and T2 and who were living in a different
neighborhood at T2 than at T1.We used thesepar-
ticipants for the third, fixed-effects analysis of
neighborhood qualities on change in aggression.

Finally, there were 865 males who were (a)
reinterviewed at T2, (b) still living in the same
neighborhood as at T1, and (c) for whom genetic
information was available. The participants in
this subsample were full or half-siblings of an-
other participant (only one twin in each mono-
zygotic twin set was included in the present anal-
yses so that we would not examine the same
genotype twice). These participants formed the
sample for the fourth analysis focusing on the
potential interactive effects of MAOA and neigh-
borhood qualities on change in aggression.

Measures

Aggression. Adolescents reported how often (us-
ing a 4-point scale, 0 ¼ never, 1 ¼ one or two
times, 2¼ three or four times, 3¼ five or more
times) they had been involved in four differ-
ent activities (e.g., “a serious physical fight”).
Scores for the four items were summed (T1 a

¼ .73,T2a¼ .75).Weused the logof theaggres-
sion score in analyses to correct for skew.

Demographic characteristics. Self-report sur-
veys and interviews with the adolescents were
used to assess race/ethnicity, age, gender, paren-
tal educational attainment (the mean of maternal
educational attainment and paternal educational
attainment, each measured on an 8-point scale
ranging from eighth grade or less to professional
training beyond a 4-year college or university),
and parental marital status (both parents in
the home vs. other statuses). Parents reported
whether their families had received any form of
public assistance in the last year.

Neighborhood characteristics. Neighborhood in
this study was represented by census tract. Neigh-
borhood child saturation was the percentage of
the population in the census tract under the age
of 15, according to US 2000 census data. Neigh-
borhood poverty was the percentage of indi-
viduals in the census tract living in households
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with incomes below the federal poverty level.
Neighborhood urbanicity was the percentage of
the census tract that was urbanized. Racial hetero-
geneity was the probability that two individuals
randomly drawn from the same tract will be of
the same racial group. Means and standard devia-
tions for these variables are presented in Table 2,
as are percentages for categorical variables.

MAOA. DNAwas isolated from buccal swabs and
analyzed at the Institute for Behavioral Genetics
at the University of Colorado. The MAOA poly-
morphism was assayed following procedures de-
scribed by Haberstick et al. (2005). Primer
sequences for the 30 base pair variable number
tandem repeat in the promoter region were 50-
ACAGCCTGACCGTGGAGAAG-30 and re-
verse 50-GAACGTGACGCGCCATTCGGA-30.
Five possible fragment sizes result from the poly-
merase chain reactions: 291, 321, 336, 351, and
381 base pairs (two to five) repeats. DNA ampli-
fication followed procedures described by An-
chordoquy, McGeary, Liu, Krauter, and Smolen
(2003). Samples were analyzed using an ABI
Prism 3100 Genetic Analyzer, following proce-
dures provided by the company.

Because most fragments are either 321 or
351 base pair length (97% of the fragments in
the AddHealth sample; Haberstick et al., 2005)
and the biological activity of these lengths is rel-
atively well known (Widom & Brzustowicz,
2006), we restrict our sample to individuals
with either of these two lengths. For reasons dis-
cussed in the introductory section, we used only
males in the genetic analyses and compared
males with the short MAOA allele (321, 42%)
to males with the long allele (351). As noted pre-
viously, males only have one copy of this gene,
and therefore there were no heterozygous (short/
long) participants included in these analyses.

Results

Table 1 presents the correlations among the
measures of aggression and individual, family,
and neighborhood characteristics. The temporal
stability of aggression is substantial (r ¼ .49),
but the correlations of aggression with all other
variables examined in this study are small in
magnitude. The generally modest magnitude of
associations suggests that adolescent aggression T
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has multiple origins. The small to moderate in-
tercorrelations between our measures of neigh-
borhood characteristics (r ¼ .14–.31) indicate
that although these measures are associated,
they are not measuring a single “bad neighbor-
hood” construct.

Our first set of hypotheses concerned the re-
lation of neighborhood qualities to aggression.
In the first analysis, Tl aggression was regressed
on individual, family, and neighborhood char-
acteristics. Because participants were nested in
neighborhoods, a two-level multilevel model
was used (participants nested within neighbor-
hoods). The results of this analysis are presented
in Table 2, and they are generally consistent
with expectations. Age and gender are associ-
ated with adolescent aggression in predictable
ways, as are parental marital, educational, and
economic statuses. Neighborhood characteris-
tics are predictive as well: urbanicity, poverty,
and racial heterogeneity are all positively asso-
ciated with adolescent aggression at T1. Sur-
prisingly, and contrary to expectations, neigh-
borhood child saturation was not associated
with initial status on the measure of aggression.

The second analysis predicted T2 aggression,
adjusting for T1 aggression, for adolescents who
had lived in the same neighborhood at both test-
ing times. Adolescents were again nested within
neighborhoods, and consequently, a two-level
multilevel model was employed. This model as-
sesses the time-invariant effects (Allison, 2005)
of neighborhood on changes in adolescent ag-
gression. The results of this analysis are pre-
sented in Table 3. Not surprisingly, T1 aggres-
sion was a strong predictor of aggression at T2.
As in the analyses of T1 aggression, gender,
age, parental education, and parental marital sta-
tus were associated with T2 aggression. How-
ever, in contrast to the cross-sectional findings
reported in Table 2, child saturation was the
only neighborhood characteristic associated with
T2 aggression (although the coefficients for
neighborhood urbanicity and racial heterogeneity
are in the predicted direction and are marginally
significant). These results suggest that adoles-
cents living in neighborhoods high in child sat-
uration are likely to be more aggressive at T2,
above and beyond the effects of T1 aggression,
than are adolescents living in neighborhoods
low in child saturation.

The results of the fixed effects analysis (Alli-
son, 2005) presented in Table 4 confirm the rela-
tion of child saturation to aggression. This anal-
ysis included only those adolescents who moved
to new neighborhoods between T1 and T2 and
addressed whether change in neighborhood
qualities between T1 and T2 was predictive of
change in aggression between T1 and T2. Differ-
ence scores between T1 and T2 were calculated
for aggression and the four neighborhood char-
acteristics. The difference score for aggression
was then regressed on the four difference scores
for neighborhood characteristics. The results in-
dicated that adolescents whose new neighbor-
hoods were higher in child saturation than were
their old neighborhoods increased in aggression
between T1 and T2.1

Our final set of analyses focused on the inter-
action of MAOA allele and neighborhood con-
text in the prediction of change in aggression. As
discussed in the introduction, the short MAOA
allele is associated with sensitivity to social re-
jection, and consequently, should deter adoles-
cents from patterns of behavior that may lead
to social disapproval such as delinquency and
aggression. However, as child saturation in a
neighborhood increases, and consequently ag-
gressive behavior becomes both more common
and more socially accepted, the risk of social re-
jection that is associated with aggressive behav-
ior should decrease. The prediction is for an
MAOA Allele�Neighborhood Child Saturation
interaction, with those adolescents with the short
version of the allele living in neighborhoods
high in child saturation (low risk of social rejec-
tion) expected to be higher in aggression than
adolescents with the same allele living in neigh-
borhoods low in child saturation.

Table 5 presents the results of our analyses.
For reasons described in the introduction, we
used only males. Because participants in this
analysis were nested within families, we used a
two-level multilevel model. Our results are con-
sistent with predictions. Of particular importance

1. We explored more complicated fixed effects models, in-
cluding those that assessed whether the effects of neigh-
borhood qualities varied according testing times (Alli-
son, 2005). Because none of these analyses yielded a
substantially different pattern, we do not report them
here.
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is the significant interaction between MAOA al-
lele and neighborhood child saturation. Figure 1
illustrates the nature of this interaction, which is
consistent with our hypothesis: adolescents with
the short MAOA allele living in neighborhoods
high in child saturation evidenced more increases
in aggression from T1 to T2 than adolescents
with the same allele living in neighborhoods
low in child saturation. This interaction effect
was significant above and beyond the main ef-
fects of other neighborhood characteristics (pov-
erty, urbanicity, and racial heterogeneity).

Discussion

The results of this study indicate that neighbor-
hood urbanicity, child saturation, and racial
heterogeneity are associated with adolescent
aggression, above and beyond the effects
of neighborhood and family SES indicators.
Specifically, cross-sectional analyses demon-
strated that higher levels of urbanicity and ra-
cial heterogeneity were associated with higher
levels of adolescent aggression. Longitudinal
analyses indicated that higher levels of child sat-
uration were associated with increases in ado-
lescent aggression over a 1-year period. Among
those adolescents who moved between neigh-
borhoods, those who moved to a neighborhood
higher in child saturation tended to exhibit in-

creases in aggression over that 1-year period.
In addition, we found a Gene�Neighborhood
interaction such that youth with the short MAOA
allele who were living in more youth-saturated

Table 2. Multilevel model regressing T1 aggression on T1 individual, family, and
neighborhood measures

Estimate SE Percent Mean SD

Intercept 0.458* 0.025
Female 20.054* 0.002 50.44
Age, T1 20.005* 0.001 15.54 1.72
Black 0.005 0.003 18.42
Hispanic 0.006* 0.003 18.62
Asian/Pacific Islander 20.024* 0.005 4.99
Native American 0.048* 0.010 1.14
Other 0.012* 0.004 9.49
Parental education, T1 20.004* 0.000 4.86 1.96
Married 20.020* 0.002 64.53
Public assistance 0.020* 0.003 9.63
Under 15, neighborhood, T1 (%) 0.0000 0.0002 22.51 4.50
Urban neighborhood, T1 (%) 0.0001* 0.0000 61.39 46.85
Neighborhood poverty, T1 (%) 0.0002* 0.0001 14.42 12.14
Neighborhood racial heterogeneity, T1 0.0241* 0.0058 0.24 0.21

Note: T1, Time 1; T2, Time 2.
*p , .05.

Table 3. Multilevel model regressing T2
aggression on T1 delinquency, T1 individual,
family, and neighborhood measures

Estimate SE

Intercept 0.114* 0.008
Aggression, T1 0.399* 0.007
Female 20.016* 0.002
Age, T1 20.003* 0.001
Black 20.004 0.003
Hispanic 0.003 0.003
Asian/Pacific Islander 20.007 0.005
Native American 0.005 0.009
Other 0.002 0.003
Parental education, T1 20.001* 0.000
Married 20.007* 0.002
Public assistance 20.002 0.003
Under 15, neighborhood,

T1 (%) 0.00040* 0.00020
Urban neighborhood,

T1 (%) 0.00004† 0.00002
Neighborhood poverty,

T1 (%) 20.00007 0.00008
Neighborhood racial

heterogeneity, T1 0.00895† 0.00476

Note: T1, Time 1; T2, Time 2.
†p , .10. *p , .05.
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neighborhoods evidenced more increase in ag-
gression from T1 to T2.

The first set of results, those examining links
between neighborhood characteristics and ado-
lescent aggression, highlights the importance of
neighborhood factors other than SES. Although
other studies have clearly demonstrated links be-
tween neighborhood poverty and adolescent de-

linquency (as reviewed by Leventhal & Brooks-
Gunn, 2000), the present study indicates that
even once neighborhood poverty is adjusted
for, the degrees of child saturation, racial hetero-
geneity, and urbanicity of a neighborhood are as-
sociated with adolescents’ aggression. It is not
clear why we found that urbanicity and racial
heterogeneity were associated with aggression
cross-sectionally, whereas child saturation was
associated with increases in aggression over a
1-year period. However, it is striking that moving
from a less youth-saturated neighborhood to one
higher in child saturation was associated with in-
creases in aggression over a 1-year period. The
collective socialization and contagion models of
neighborhood effects would support the notion
that child saturation and urbanicity would be as-
sociated with increased aggression. Specifically,
in an environment with many youths relative to
adults, there are fewer adults to make and enforce
rules, and more youth to model aggressive behav-
ior that may then be adopted by previously non-
aggressive youth. In an urban neighborhood, peo-
ple live close together, thereby allowing more
“contagious” aggressive behavior than in a rural
environment, where youths may simply come
into contact with aggressive youths less fre-
quently.

As discussed in the introductory section, there
is some indication that males having the short

Figure 1. The interaction of the monoamine oxidase A
(MAOA) allele with neighborhood child saturation in the
prediction of Time 2 aggression. The points in this graph
were estimated from the parameter estimates in Table 5,
with all dummy variables set to 0, and all continuous vari-
ables not illustrated in Figure 1 set to their means.

Table 5. Multilevel model regression of T2
aggression on T1 aggression, individual,
family, neighborhood, and genetic factors

Estimate SE

Intercept 0.069 0.034
Aggression, T1 0.448* 0.025
Age, T1 0.001 0.002
Black 20.013 0.011
Hispanic 0.009 0.011
Asian/Pacific Islander 0.008 0.016
Native American 20.006 0.033
Other 0.016 0.012
Parental education, T1 0.000 0.002
Married 20.009 0.007
Public assistance 20.013 0.013
Under 15, neighborhood, T1 (%) 0.000 0.001
Urban neighborhood,

T1 (%) 0.000 0.000
Neighborhood poverty,

T1 (%) 0.000 0.000
Neighborhood racial

heterogeneity, T1 0.009 0.018
MAOA, short allele 20.060* 0.030
Under 15, neighborhood, T1�

MAOA, short allele (%) 0.003* 0.002

Note: T1, Time 1; T2, Time 2; MAOA, monoamine oxidase A.
*p , .05.

Table 4. Fixed-effects regression of T1–T2
aggression change on change in neighborhood
characteristics

Estimate SE

Intercept 20.030* 0.005
Under 15, neighborhood,D (%) 0.002* 0.001
Urban neighborhood, D (%) 0.000 0.000
Neighborhood poverty, D (%) 0.000 0.000
Neighborhood racial

heterogeneity, D 0.047 0.030

Note: Only participants who moved between Time 1 (T1)
and Time 2 (T2) are included in this analysis.
*p , .05.
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version of the MAOA allele are particularly re-
sponsive to stress and tend to evidence external-
izing behavior in the face of family-based ad-
versity (Caspi et al., 2002; Foley et al., 2004;
Kim-Cohen et al., 2006; Nilsson et al., 2006).
Consistent with this possibility, we found an
interaction effect between MAOA and child
saturation such that among youth with the short
MAOA allele, those living in child-saturated
neighborhoods tended to increase in aggression
more than those living in neighborhoods with
lower proportions of children. In contrast, youth
with the long MAOA allele did not vary in their
level of aggression across levels of child satura-
tion, indicating that their level of aggression
was not affected by neighborhood factors.

Our finding regarding the main effect of the
MAOA allele on aggression contrasts with the
findings of Caspi et al. (2002), Foley et al.
(2004), and Nilsson et al. (2006). In those stud-
ies, more proximal and noxious environmental
factors (child maltreatment and related condi-
tions) were examined, and only interaction ef-
fects, showing that under conditions of low
risk, those with the long MAOA allele exhibited
more delinquency, while under conditions of
high risk, those with the short allele exhibited
more delinquency, were found. It seems likely
that the main effects we found are related to
the fact that the neighborhood risk factors that
we adjusted for are both more distal (neighbor-
hood, vs. family in other studies) and less se-
vere (neighborhood disadvantage, vs. maltreat-
ment/violence in the family in other studies)
than those examined in these other studies.

Of course, this study had limitations. First,
there are many influences on adolescent aggres-
sion that we did not examine in this study. Most
importantly, parent and peer influences could be
confounded with neighborhood characteristics;
although we controlled for some family character-
istics (parental education, receipt of public assis-
tance), parent and/or peer influences may mediate
or moderate the associations we found. Nonethe-
less, if we assume that these effects are time-in-
variant, that unmeasured individual and family
characteristics associated with delinquency are
unchanging over the 1-year span between T1
and T2, then the fixed effects analysis controls
for such effects and demonstrates that changes
in neighborhood context do matter. Second, our

measures of neighborhood characteristics were
at the level of census tracts; it is not clear how
more broad (e.g., county) or narrow (e.g., block)
neighborhood characteristics would be associated
with aggressive behavior. Third, in our examina-
tion of MAOA allele effects, we did not examine
females; it is therefore not clear whether our find-
ings would generalize to females or not.

Our work contributes to a new paradigm in
developmental psychopathology formed by the
synthesis of sociological investigations of neigh-
borhoods with developmental–genetic research.
If, as some assert, parental influence on children
is largely attributable to genes rather than to par-
enting behavior (e.g., Turkheimer, 2000) then it
may be fruitful to seek environmental influences
on the emergence and development of develop-
mental problems in the community, rather than
within the family system. In this study we exam-
ined four qualities of neighborhoods regularly of
interest to sociologists and political scientists,
and found that these factors were predictably as-
sociated with delinquency. Our most robust find-
ing is that child saturation, which is the relative
youthfulness of a community, is predictive of in-
creases in delinquency. One implication of this
finding is that there are other qualities of neigh-
borhoods beyond economic vitality that are asso-
ciated with development, an idea that may be a
useful complement to the prevailing focus on
community poverty in developmental psychol-
ogy. Our findings also point to the individual
variability in openness to community influences,
with genes moderating the relation of child sat-
uration to adolescent delinquency.

Our findings also contribute to an understand-
ing of the origins and developmental trajectories
of personality disorders characterized by aggres-
sion, particularly antisocial personality disorder
(as well as potentially others that involve difficul-
ties with anger management and emotional regu-
lation, such as borderline personality disorder).
Our work emphasizes that the social context in
which personality disorders emerge may include
neighborhoods. Much of the research on the de-
velopmental origins of personality disorders has
focused on families, particularly on parental
abuse of children (Goodman et al., 2004); the
present study highlights the importance of con-
sidering broader contextual factors as well. Per-
sonality disorders do emerge in people without
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childhood histories of abuse and, conversely,
among people with histories of abuse, not all evi-
dence psychopathology. It is possible that an un-
derstanding of the broad social context, of which
neighborhoods are one part, can contribute to a
more nuanced understanding of the emergence
of aggression-related personality disorders.

This possibility gains credence from epidemi-
ological work suggesting that personality disor-
ders are more common among those from the
lower social classes (Regieret al., 1993). The lives
of individuals from low social classes differ in
many ways from the lives in higher social classes,
and consequently, it is difficult to identify plausi-
ble single factors for differences in rates of psy-
chopathology. Nonetheless, social class differ-
ences in neighborhoods may prove to be part of
the explanation for the association of social class
and the development of psychopathology.

Finally, our results confirm and extend
knowledge about the developmental trajectories
of aggression in adolescence. There is abundant
evidence (e.g., Koko & Pulkkinen, 2005) that
there is substantial stability in levels of aggres-
sion in childhood, adolescence, and adulthood,
and our findings are consonant with this trend.
The correlation of aggression at T1 with T2 ag-
gression was .49, suggesting considerable conti-
nuity over a 1-year period. Moreover, our find-

ings also confirm that as adolescents get older,
they tend to become less aggressive (Brame, Na-
gin, & Tremblay, 2001).

Unique to our study, however, are the findings
that suggest that changes in aggression levels in
adolescence are associated with changes in
neighborhoods. The results from our fixed effects
regression analysis suggest that an adolescent
who moves from a neighborhood high in child
saturation (1 SD above the mean, or about 27%)
to a neighborhood low in child saturation (1 SD
below the mean, 18%) between T1 and T2 can
be expected to be 0.1 SD lower in aggression at
T2 than at T1. This is an effect size small in mag-
nitude. Nonetheless, it is certainly possible that
the effects of moving could be cumulative, with
the magnitude of the effect size becoming larger
as an adolescent accommodates more fully to a
new neighborhood after a period of years, result-
ing in even larger increments or decrements in ag-
gression, depending upon the child saturation of
the neighborhood into which an adolescent
moves. Our findings concerning residential relo-
cation and changes in aggression as well as those
concerning the moderation of neighborhood ef-
fects by allele can contribute to our understand-
ing of the variability in developmental trajecto-
ries in aggression noted by others (e.g., Brame
et al., 2001).

References

Allison, P. D. (2005). Fixed effects regression methods for
longitudinal data: Using SAS. Cary, NC: SAS.

Anchordoquy, H. C., McGeary, C., Liu, L., Krauter, K. S., &
Smolen, A. (2003). Genotyping of three candidate genes
after whole-genome preamplification of DNA collected
from buccal cells. Behavior Genetics, 33, 1573–3297.

Bellair, P. E. (1997). Social interaction and community
crime: examining the importance of neighbor networks.
Criminology, 35, 677–704.

Boyce, W. T., & Ellis, B. J. (2005). Biological sensitivity to
context: I. An evolutionary–developmental theory of
the origins and functions of stress reactivity. Develop-
ment and Psychopathology, 17, 271–301.

Brame, B., Nagin, D. S., & Tremblay, R. E. (2001). Develop-
mental trajectories of physical aggression from school en-
try to late adolescence. Journal of Child Psychology and
Psychiatry and Allied Disciplines, 42, 503–512.

Brooks-Gunn, J., Duncan, G. J., Leventhal, T., & Aber, J. L.
(1997). Lessons learned and future directions for research
in the neighborhoods in which children live. In J. Brooks-
Gunn, G. J. Duncan, & J. L. Aber (Eds.), Neighborhood
poverty: Vol. 1. Context and consequences for children
(pp. 279–297). New York: Russell Sage Foundation.

Caspi, A., McClay, J., Moffitt, T. E., Mill, J., Martin, J.,
Craig, I. W., et al. (2002). Role of genotype in the cycle

of violence in maltreated children. Science, 297, 851–
854.

Caspi, A., Sugden, K., Moffitt, T. E., Taylor, A., Craig, I.
W., Harrington, H. L., et al. (2003). Influence of life
stress on depression: Moderation by a polymorphism
in the 5-HTT gene. Science, 301, 386–389.

Caspi, A., Taylor, A., Moffitt, T. E., & Plomin, R. (2000).
Neighborhood deprivation affects children’s mental
health: Environmental risks identified in a genetic de-
sign. Psychological Science, 11, 338–342.

Chase-Lansdale, P. L., Gordon, R. A., Brooks-Gunn, J., &
Klebanov, P. K. (1997). Neighborhood and family in-
fluences on the intellectual and behavioral competence
of preschool and early school-age children. In J.
Brooks-Gunn, G. J. Duncan, & J. L. Aber (Eds.), Neigh-
borhood poverty: Vol. 1. Context and consequences
for children (pp. 79–118). New York: Russell Sage
Foundation.

De Coster, S., Heimer, K., & Wittrock, S. M. (2006). Neigh-
borhood disadvantage, social capital, street context, and
youth violence. Sociological Quarterly, 47, 723–753.

Eisenberger, N. I., Way, B. M., Taylor, S. E., Welch, W. T.,
& Lieberman, M. D. (2007). Understanding genetic risk
for aggression: Clues from the brain’s response to social
exclusion. Biological Psychiatry, 61, 1100–1108.

D. Hart and N. R. Marmorstein972
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