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This study, drawing on approximately 1,100 males from the National Longitudinal Study
of Adolescent Health, demonstrates the importance of genetics, and
genetic–environmental interactions, for understanding adolescent delinquency and
violence. Our analyses show that three genetic polymorphisms—specifically, the 30-bp
promoter-region variable number tandem repeat (VNTR) in MAOA, the 40-bp VNTR in
DAT1, and the Taq1 polymorphism in DRD2—are significant predictors of serious and
violent delinquency when added to a social-control model of delinquency. Importantly,
findings also show that the genetic effects of DRD2 and MAOA are conditional and
interact with family processes, school processes, and friendship networks. These results,
which are among the first that link molecular genetic variants to delinquency,
significantly expand our understanding of delinquent and violent behavior, and they
highlight the need to simultaneously consider their social and genetic origins.

hy do some individuals become serious
and violent delinquents while others do
not, despite growing up in similar social contexts
and participating in similar social processes? We
maintain that part of the answer lies in genetic
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propensities. Social conditions may be sufficient
to produce delinquency in some individuals,
whereas for others both social conditions and
genetic propensities may be needed to make a
difference. The relationship between social conditions and genetic propensities may be additive
or interactive. To illustrate, suppose that family disruption and genetic propensities each
increase the probability of a delinquent act by
.1. If the two are additive, the total increase
would be .2 when both are present. If the two
are interactive, the total could be .4, significantly larger than .2. In such a scenario, genetic propensities could amplify the effect of family
disruption or family disruption could amplify
the effect of genetic propensities.
Genetic propensities should be of relevance
to sociological inquiry. Indeed, ignoring
gene–environment interactions may result in
the neglect of pivotal social processes. And,
even if genetic propensities are noninteractive
and uncorrelated with social controls—meaning that disregarding genetic propensities will
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not bias the estimated effects of social controls—they can improve predictions.
We address the challenging question of genetic and genetic–environmental influences in this
article by incorporating measures of genetic
propensities into a classic sociological model of
delinquency. The following section reviews two
hitherto largely independent lines of research on
delinquency: the social-control life-course
approach and the recent developments in molecular genetics and related evolutionary perspectives. We then bring together these two lines of
inquiry, describing and motivating the gene by
social-control interaction analysis reported in
this article.
BACKGROUND
THE SOCIAL-CONTROL LIFE-COURSE
THEORY OF DELINQUENCY
Contemporary social-control theories
(Gottfredson and Hirschi 1990; Hirschi 1969;
Sampson and Laub 1993) can be traced to the
eighteenth-century writings of Beccaria ([1764]
2004) and Bentham ([1789] 1970). For both, all
human beings intrinsically seek pleasure and
avoid pain. “Nature has placed mankind under
the governance of two sovereign masters: pain
and pleasure. It is for them alone to point out
what we ought to do, as well as to determine
what we shall do” (Bentham [1789] 1970:11).
Applying Beccaria’s principle to criminal behavior, Bentham believed that the pursuit of human
pleasure is likely to lead to criminal acts unless
the pursuit is checked by painful consequences.
Such pain does not have to be physical, nor
does it have to originate from the criminal justice system. The pain can be physical, political,
moral, religious, or social. Individuals contemplating a criminal act simply weigh the pleasure against the pain involved.
A major theoretical and empirical development over the past two or three decades has
been the formulation and testing of a life-course
theory of informal social control. The theory
emphasizes informal vis-à-vis formal social
control. The latter includes such state sanctions
as surveillance, enforced conformity, and incarceration. Informal social-control theories call
attention to social bonds between an individual
and society, suggesting that an individual is
more likely to commit a crime when the bonds
are weak or broken (Durkheim 1897;

Gottfredson and Hirschi 1990; Hirschi 1969;
Kornhauser 1978; Sampson and Laub 1993).
The life-course perspective, while stressing
the importance of informal social ties at all
ages across the life course, differentiates the
roles played by important institutions of informal social control on the basis of age or life
span. Family, school, and peer groups are the
dominant institutions of informal social control
in childhood and adolescence. In adulthood,
the dominant social-control institutions are marriage and employment. Structural social conditions, such as neighborhood poverty and family
socioeconomic status, are considered an underlying but necessary part of the explanation. The
family and school processes are embedded in
these structural conditions. These processes
mediate the structural context.
According to Sampson and Laub (1993), the
key to familial informal social control is linking the child to family and, ultimately, society.
This may be accomplished by discipline, supervision, or attachment. Any family process that
undermines any of the three aspects would
undermine familial social control.
Schools are another dominant institution of
social control in adolescence (Gottfredson and
Hirschi 1990). With their authority and
resources, schools are better organized and better equipped than the family to provide social
control. Also, schools often are more impartial
than the family in recognizing delinquency.
Peers are considered a major source of influence to mediate the impacts of structural background factors. Ethnographic studies repeatedly
report the extraordinary importance of friends
for adolescents, suggesting adolescents’ vulnerability to peer influence (Corsaro and Eder
1990; Cusick 1973). The differential association
theory (Sutherland 1947) and the differential
reinforcement theory (Akers 1985) both regard
intimate involvement with delinquent friends as
essential for adoption of delinquency.
In the study of adolescent delinquency, the
association between friends’ delinquency and a
respondent’s delinquency is one of the most
replicated findings (Matsueda 1982; Matsueda
and Anderson 1998; Matsueda and Heimer
1987). Haynie (2001) examined the structural
characteristics of adolescent friendship networks, including density (how closely an adolescent is integrated into the peer network),
centrality (an adolescent’s position in the net-
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work), and popularity (prestige of an adolescent). She shows that these network characteristics influence the level and direction of the
association with friends’ delinquency.
INDIVIDUAL PROPENSITIES FOR
DELINQUENCY AND CRIME
The concept of self-control figures prominently in research on delinquency. This is because
social control can have different effects due to
differences in self-control or individual propensities. Measuring individual propensities, however, has proved to be diff icult. All the
propensity measures developed to date are based
on delinquent behavior, and often delinquent
behavior in early life. These endogenous propensity measures gauge behavior rather than
propensity. They consequently tend to confound
and mask the true effects of social control.
Caspi and colleagues (1994) suggest that
crime-prone individuals tend to have a higher
negative emotionality and a weaker constraint.
Moffitt (1993) proposes two distinct categories
of individuals: adolescence-limited and lifecourse persistent. The delinquent careers of
adolescence-limited offenders are short and
tend to be over when adolescence ends, whereas life-course persisters start early and persist
in crime over the life course. The small number
of life-course persisters is responsible for a disproportionately large number of adult crimes.
Moffitt (1993) argues that the differences
between the two categories are rooted in childhood, with life-course persisters associated with
difficult temperament, poor verbal IQ, and low
self-control.
Nagin and Land (1993), relying on statistical
techniques to identify propensities, developed
a mixed regression method that identifies groups
of offenders with similar patterns of delinquency
over the life course. They separated four distinct
offending trajectories in a sample of British
males: adolescence-limiteds, high-level chronics, low-level chronics, and nonoffenders. The
group identification depends ultimately on the
observed delinquency of the individuals.
Gottfredson and Hirschi (1990) devote their
book A General Theory of Crime to the concept
of self-control rather than societal control, which
is the central theme of Hirschi’s (1969) previous book, Causes of Delinquency. Gottfredson
and Hirschi suggest measuring crime-prone

propensity by a number of individual characteristics and behaviors, namely, an urge to gratify desires immediately; a lack of diligence and
persistence in a course of action; a lack of commitment to job, marriage, and children; a lack
of skills and planning; and a tendency to drink
excessively, use illegal drugs, or gamble. These
characteristics and behaviors indeed tend to be
correlated with delinquent and criminal behavior. The measures, however, can be criticized for
being tautological because they do not define
self-control or propensity for delinquency separately from delinquency (Akers 1991). Any
correlation thus merely means that delinquency predicts delinquency.
Below, we propose genotype as a measure of
individual propensities for delinquency.
Although DNA sequences are determined at
conception and do not change except through
mutation, their effects are, with rare exceptions,
not deterministic because their expressions are
subject to environmental influences immediately after conception. By examining genetic
variations across individuals and their links to
delinquency, we can begin to develop what
Akers (1991) called “independent” indicators of
self-control, for a more accurate definition of
self-control.
GENETIC PROPENSITIES FOR DELINQUENCY
CRIME

AND

The evolutionary perspective argues for a role
of genes in aggressive behavior. Here, aggressive behavior is adaptive because it could lend
advantages in reproduction, protection of the
young, and food acquirement. As Wilson (1975)
points out, however, not all levels of aggression
are adaptive or equally adaptive. Depending on
the specific contexts of food attainment, living
arrangements, physiology, and courtship patterns in each species, some level of aggressiveness may be optimal, above which fitness is
reduced.
Wilson discusses two possible constraints
that evolution may impose on aggressiveness.
First, consciously or unconsciously, aggressiveness may be directed against geneticallyrelated relatives. Reduced survival among
relatives would lead to reduced survival of the
genes shared among the aggressor and the relatives—including the genes that underlie
aggressiveness. This process would constrain
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aggressive behavior at an optimal level. Second,
energy invested in brute force aggression could
be invested in nonaggressive courtship, food
attainment, and caring for the young. The evolutionary theory outlines only the plausibility of
genetic influences in very general terms. All the
relevant details will have to be worked out
empirically.
An intriguing line of research derives from
field observation of violent behavior among
chimpanzees in the African wild (Boesch and
Boesch-Achermann 2000; de Waal 2005;
Wilson and Wrangham 2003; Wrangham and
Peterson 1996). Chimpanzee violence differs
from the pattern observed in other nonhuman
primates and is characterized by premeditated
deadly attacks on neighboring lone individuals
or parties. The norm is intergroup hostility,
which includes “group battles” and “gang
attacks” among males. In group battles, many
males join in but grievous injuries are not commonly observed. Gang attacks involve many
males attacking a single individual and frequently result in grievous injuries and deaths.
Males often brutally attack females and females
with young offspring. On many occasions,
males deliberately target a female’s infant,
killing and eating it.
Assuming that chimpanzees mirror who we
were millions of years ago, the descriptive data
suggest that human violence is rooted in prehuman history. One may even consider the
descriptive data evidence for an adaptive role of
violence in human evolution. Similar to observational human data, though, field observation
of chimpanzees is hardly capable of separating
genetic from nongenetic origins of violence.
Human geneticists have had remarkable success in identifying individual genes with variations that lead to simple Mendelian traits and
diseases such as phenylketonuria (PKU), sickle-cell anemia, Tay-Sachs disease, and cystic
fibrosis (Botstein and Risch 2003; Risch 2000).
Mendelian traits and diseases are characterized
by a one-to-one or near one-to-one correspondence with the individual genes. Diseases with
simple Mendelian patterns of inheritance are
uncommon. Most human diseases, traits, and
outcomes (e.g., alcohol dependence and high
blood pressure) are complex. That is, they are
the consequence of many genes that typically
contribute a small to moderate effect and that
often interact with other genes and the envi-

ronment. Most delinquent and violent behaviors
are considered complex. Understanding these
behaviors requires understanding both their
socioeconomic–cultural components and their
genetic components.
A number of twin and sibling studies report
a genetic contribution to delinquency
(Christiansen 1977; Gottesman, Carey, and
Hanson 1983; Malone et al. 2004; Rodgers,
Buster, and Rowe 2001). Rowe and Osgood’s
(1984) study represents an early investigation
into genetic sources of delinquency using identical and fraternal twins. Molecular genetic
studies of human delinquent and criminal behavior, however, are rare. Most evidence comes
from animal models and psychiatric studies.
Monoamine oxidase A (MAOA) is a major
enzyme that catalyzes the oxidative deamination
of a number of biogenic amines in the brain,
including dopamine.1 Using knockout-mouse
models,2 Cases and colleagues (1995) and Shih
and Thompson (1999) developed a line of mice
with a targeted disruption of the MAOA gene.
As a result, they observed an increase in the
brain levels of dopamine, serotonin, and norepinephrine, as well as an increase in manifested aggression among the males. Brunner
and colleagues (1993) reported mental retardation and impulsive aggression among eight
males in an extended Dutch family with an
uncommon sex-specific point mutation in the
MAOA gene.
Zhu and colleagues (Zhu, Chen, and Shih
1994; Zhu et al. 1992) and Sabol, Hu, and
Hamer (1998) identified a 30-bp promoter
region variable number tandem repeat (VNTR)3
in MAOA affecting the level of transcriptional

1 Dopamine is a type of neurotransmitter or chemical messenger that affects the brain processes that
control movement, emotional response, and the
capacity to feel pleasure and pain.
2 A knockout mouse is a mouse that has had one
or more of its genes made nonfunctional through a
gene knockout. By comparing the phenotypes of
these knockout mice with those of wild-type mice that
still have all their genes intact, researchers can deduce
the function of the targeted gene.
3 Variable number of tandem repeats (VNTR) is
one type of polymorphism in human DNA. It is the
number of repeated segments at a locus that varies
among individuals. The VNTRs can be used as
molecular genetic markers.
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activity that may be associated with psychiatric
disorders and behavioral traits. The PCR product usually comprises five possible fragment
sizes of 2, 3, 3.5, 4, and 5 copies of the repeat
sequence. The 3 and 4 repeats are much more
common than the 2, 3.5, and 5 repeats in human
populations. Caspi and colleagues (2002) report
that maltreated male children in New Zealand
with the 3R or 5R of the VNTR in MAOA are
more likely to engage in violent behavior than
are maltreated children with the 3.5R or 4R of
the VNTR. Guo and colleagues (2008) report
evidence from the National Longitudinal Study
of Adolescent Health (Add Health) that male
youth possessing the 2R of the VNTR in the
MAOA gene are associated with a much higher
level of delinquency and a much lower level of
promoter activity.
Many studies on genetic variants and aggression focus on the role of dopamine and its receptors and transport sites (de Almeida et al. 2005;
Miczek and Fish 2005; Miczek et al. 2002).
The pharmacotherapeutic interventions most
commonly applied for human aggression use
dopaminergic antagonists (de Almeida et al.
2005). For example, the dopamine D2 receptor
(DRD2) antagonist haloperidol has long been
used to treat aggressive behavior in psychotic
patients. Civelli and colleagues were the first to
clone a DRD2 gene (Bunzow et al. 1988) and
the first to describe the 3′ Taq1 polymorphism
in the gene. The Taq1 polymorphism is a T to
C transition in the 3′ noncoding region of the
gene. There have been mixed findings with
regard to the functional significance of this
polymorphism. The DRD2*A1 allele was shown
to be associated with decreased receptor density in one study (Pohjalainen et al. 1998) but not
in others (e.g., Laruelle, Gelernter, and Innis
1998). Evidence from Add Health shows that the
DRD2*178/304 genotype is associated with
higher levels of delinquency than the
DRD2*304/304 or DRD2*178/178 genotype
(Guo, Roettger, and Shih 2007).
The dopamine transporter gene (DAT1) codes
for a dopamine transporter protein (DAT), which
limits the level and duration of dopamine receptor activation (Bannon and Whitty 1995). A
knockout mice study, which selectively disabled
the DAT1 gene, established the central importance of the dopamine transporter in controlling
synaptic dopamine levels and its role as an
obligatory target for the behavioral and bio-

chemical action of amphetamine and cocaine
(Giros et al. 1996). Vandenbergh and colleagues
(1992) identified a polymorphic 40-bp repeat in
the transcribed portion of the gene, which most
commonly repeats 9 (DAT1*9R) to 10 times
(DAT1*10R). One study found that human subjects homozygous4 for the 10R allele exhibit
significantly lower dopamine transporter binding than do carriers of the 9R allele (Jacobsen
et al. 2000), although this finding was not replicated in another study (Heinz et al. 2000). A
number of studies demonstrate an association
between the 10R allele in the DAT1 gene and
attention deficit hyperactivity disorder (ADHD)
(Cook et al. 1995; Cornish et al. 2005; Daly et
al. 1999; Gill et al. 1997; Waldman et al. 1998).
The DAT1*9R allele is reported to be associated with both a lower score in novelty seeking
and greater success in smoking cessation (Sabol
et al. 1999). Guo and colleagues (2007) show
that the trajectories of serious and violent delinquency among youths in Add Health for the
DAT1*10R/10R and DAT1*10R/9R genotypes
are about twice as high as that for the
DAT1*9R/9R genotype.
GENE–ENVIRONMENT INTERACTIONS
Gene–environment interaction refers to the
assumption that an environment may influence
individuals’ sensitivity to the effects of a genotype and vice versa (Hunter 2005). A classic
example is that of PKU, an autosomal recessive
disease that potentially causes hopeless mental
and physical degeneration. However, only individuals with recessive mutations in the phenylalanine hydroxylase gene who are exposed to
phenylalanine in the diet are susceptible to PKU
(Khoury, Adams, and Flanders 1988). The disease or the gene expression can be controlled
effectively by restricting the dietary intake of
phenylalanine, starting within the first month
after birth.
Another important social-science example
comes from the work of Caspi and colleagues
(2002). They found that a functional polymorphism in MAOA modifies the effect of maltreatment. Only maltreated children with a

4 An organism is homozygous if it has the same
allele on both of its homologous chromosomes.
Different versions of genes are called alleles.
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genotype generating low levels of MAOA
expression tend to develop a violent behavior
problem. Maltreated children with a genotype
that produces high levels of MAOA activity, in
contrast, are less affected.
Some recent educational performance studies using twins and siblings similarly report
evidence of gene–environment interactions.
Guo and Stearns (2002) show that heritability
for a cognitive measure is much lower among
those growing up in disadvantaged social environments than among those living in “normal”
environments, suggesting genetic potential’s
dependence on social environments. Turkheimer
and colleagues (2003) analyzed scores on the
Wechsler Intelligence Scale for a sample of 7year-old twins from the National Collaborative
Perinatal Project. The results demonstrate that
the proportions of IQ variance attributable to
genes and environment vary with socioeconomic status. These models suggest that in
impoverished families, the shared environment
accounts for 60 percent of the variance in IQ and
the contribution of genes is close to zero. In
affluent families, the result is almost exactly
the opposite.
Environmental measures used in a gene–environment interaction study, of course, may not be
purely environmental. They may be partially
determined by genetic influences. In this regard,
animal models often are in a position to create
genuine environmental conditions by manipulation. Suomi and colleagues assigned rhesus
monkeys to one of two groups at birth: mother-reared (MR) or nursery- and peer-reared
(NPR). During the first six months, the MR
infants were reared in a group that consisted of
8 to 12 adult females, including their mothers.
The NPR infants were separated from their
mothers at birth and reared in a neonatal nursery. From the 37th day on, each NPR monkey
was placed with three other monkeys of similar ages. No adult was included in the group.
Using these experimental monkeys, a number
of studies demonstrate interactions between the
5-HTTLPR polymorphism in the serotonin
transporter gene (5-HTT) and rearing type.
Among nursery- and peer-reared monkeys, the
5-HTT*l/l genotype has lower cerebrospinal
fluid concentrations than the 5-HTT*l/s genotype (an indicator of central nervous system
function) (Bennett et al. 2002), higher adrenocorticotropic hormone (ACTH) levels during a

separation/stress experiment (interpreted as
exaggerated limbic-hypothalamic-pituitaryadrenal [LHPA] responses to stress) (Barr et
al. 2004b), lower visual orientation scores
assessed on days 7, 14, 21, and 30 of life
(Bennett et al. 2002), and an increased level of
alcohol consumption among females (Barr et al.
2004a).
The mechanisms of gene–environment interaction are understood only in a few isolated
cases. A particularly interesting case is the interplay between the maternal behavior of mother
rats and the glucorticoid receptor gene for offspring’s responses to stress (Meaney, Szyf, and
Seckl 2007). Mother rats are classified into low
or high licking/grooming (LG) and arched-back
nursing (ABN). The latter is characterized by a
mother rat nursing her offspring with her back
arched and legs splayed outward. The offspring
of low LG-ABN mothers were found to grow up
more fearful and abnormally sensitive to stress
than were offspring of high LG-ABN mothers.
Cross-fostering studies, in which pups born to
low LG-ABN mothers and high LG-ABN mothers were switched at birth, exclude the possibility of a direct transmission of maternal care
to offspring stress responses (Francis et al.
1999).
One mechanism for gene–environment interaction is methylation, a process in which DNA
sequences are chemically modified by acquiring methyl groups to cytosine bases. DNA
methylation plays an important part in the regulation of gene expression. Mounting evidence
shows that the silencing of tumor suppressor
genes by DNA methylation is a typical process
in cancer development (Baylin et al. 2001).
Methylation is a main component of epigenetics, which are chemical instructions for gene
activity that do not alter DNA sequences
(Tsankova et al. 2007). Epigenetics promises to
be the key to revealing the mechanisms that
regulate gene expression in response to environment.
Meaney and colleagues (Weaver et al. 2004)
discovered that rats’ maternal behavior alters the
dynamics of methylation and demethylation of
the promoter in offspring’s glucorticoid receptor genes. In response to stress, this receptor protein helps bring about gene expression in the
brain. Methylation is only observed in the gene
promoter shortly after birth (not before birth)
and among offspring of low LG-ABN mothers.
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It is hypothesized that low LG-ABN nursing
causes the methylation, which leads to lowered
levels of gene expression and produces more
stressful animals. These biochemical and behavioral changes are stable and tend to last for the
remainder of an animal’s life.
In the analyses that follow, we examine the
potential interactions between genetic variants
and social-control processes. A genetic variant
can correspond to higher or lower risks of delinquency. When a genetic variant is linked to a
higher risk of delinquency, its detrimental effect
may not be constant across social-control
groups. Our general hypothesis is that the effect
of a delinquency-increasing genetic variant will
tend to be suppressed among individuals
exposed to higher levels of social control (e.g.,
those who have a strong attachment to school
and those who grow up with two biological parents), and that the same effect tends to be amplified by lower levels of social control.
We must add the caveat, however, that it is
likely such effects will differ by sex. Female
delinquent and criminal involvement has consistently been much lower than that of males. In
the United States, large gender differences have
been documented by official data since the FBI
began data collection during the 1930s and by
self-reported survey data. Gottfredson and
Hirschi (1990) suggest that the two genders
may be subject to quite different self-control
mechanisms. Geneticists have recently discussed the sex-specific genetic architecture that
underlies complex human traits (Weiss et al.
2006). Our preliminary analysis suggests that
the genetic variants act on males and females
differently. For these reasons, we focus on males
in this study.
OBJECTIVES
Our analyses have two specific objectives. First,
we examine the main effects of genetic propensities on serious and violent delinquency by
adding—both separately and jointly—three
genetic polymorphisms to a social-control
model of delinquency. The three genetic polymorphisms, mentioned earlier, are the 30-bp
promoter-region VNTR in the MAOA gene, the
40-bp VNTR in the DAT1 gene, and the Taq1
polymorphism in the DRD2 gene.
Second, and no less important, we examine
potential interactive effects on serious and vio-

lent delinquency between the three genetic polymorphisms and key attributes and processes
pertaining to family, school, and friend network
social controls.
DATA AND MEASURES
DATA SOURCE
Our data are drawn from the DNA subsample
in the National Longitudinal Study of
Adolescent Health (Add Health), which started as a nationally representative sample of about
20,000 adolescents in grades 7 to 12 in 1994 to
1995 (Wave I) in the United States (Harris et al.
2003). Add Health is longitudinal; initial interviews with respondents were followed by two
additional in-home interviews in 1996 (Wave II)
and 2001 to 2002 (Wave III). Our analysis uses
the sibling sample of Add Health because DNA
measures collected at Wave III in 2002 are available only for this subset of the respondents. The
subset consists of about 2,500 monozygotic
(MZ) twins, dizygotic (DZ) twins, full biological siblings, and singletons. This study is based
on approximately 1,100 males whose DNA and
social-control measures are available.
MEASURES
SERIOUS AND VIOLENT DELINQUENCY. We construct a serious delinquency scale and a violent
delinquency scale using 12 questions asked of
all the Add Health respondents in Waves I to III.
The questions and scaling weights used to create the scales are reported in the Online
Supplement on the ASR Web site: http://www2.
asanet.org/journals/asr/2008/toc064.html. These
two scales are variations of a type of scale widely used in contemporary research on delinquency and criminal behavior (Thornberry and
Krohn 2000). Our scales are closely related to
the scales used, for example, by Hagan and
Foster (2003) and Haynie (2001, 2003) in analyses of Add Health data and by Hannon (2003)
in an analysis of data from the 1979 National
Longitudinal Study of Youth.
Following the delinquency literature (Hagan
and Foster 2003; Hannon 2003; Haynie 2001,
2003), we divide the 12 questions/items into
nonviolent and violent categories. Nonviolent
delinquency includes stealing amounts larger or
smaller than $50, breaking and entering, and
selling drugs. Violent delinquency includes seri-
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ous physical fighting that resulted in injuries
needing medical treatment, use of weapons to
get something from someone, involvement in
physical fighting between groups, shooting or
stabbing someone, deliberately damaging property, and pulling a knife or gun on someone. The
serious delinquency scale is based on all 12
items, and the violence scale is based on a subset (8) of the 12 items.
Cronbach’s alpha values for the serious delinquency scale are .81 for Wave I, .79 for Wave
II, and .73 for Wave III. Our serious delinquency
scale overlaps Hagan and Foster’s (2003) delinquency scale to a substantial extent. The serious
delinquency scale is designed to capture a wide
range of serious delinquent behavior that could
result in state sanction, such as arrest, conviction, and incarceration. Hagan and Foster’s
(2003) 15-item scale includes most of the 12
items used in our scale, as well as a number of
items on acts typically viewed as common adolescent deviance, such as lying to parents or
guardians about where they had been, minor
vandalism, being loud in a public place, and
driving a car without its owner’s permission. As
the name suggests, our violent delinquency
scale focuses on an array of violent delinquent
behavior that could potentially be classified as
violent offenses by the criminal justice system.
The Cronbach alpha values for the violent delinquency scale are .75 for Wave I, .74 for Wave
II, and .66 for Wave III.
Measuring delinquency, violence, and crime
is admittedly challenging. Official measures
based on police reports and the prison and court
system substantially underestimate delinquency and crime because they reflect not only the
behavior of offenders but also the political
processes in the justice system (Hood and
Sparks 1970; Murphy, Shirly, and Witmer 1946;
Robison 1936; Thornberry and Krohn 2000).
For these reasons, many criminologists have
turned to self-reports in recent decades
(Hindelang 1981; Hindelang, Hirschi, and Weis
1979; Thornberry and Krohn 2000). Selfreports, currently a fundamental method of
measuring criminality, are capable of yielding
reliable and valid data (Hindelang 2001;
Thornberry and Krohn 2000).
As with any survey of sensitive private information, reporting accuracy is a concern. To protect confidentiality, reduce nonresponses, and
increase reporting accuracy, this section of the

interview in Add Health was self-administered
by audio computer-assisted self-interview
(audio-CASI). Sensitive questions were read to
respondents by means of audio headphones.
The computer gave respondents instructions on
how to complete their answers. Self-reported
rates of illegal and embarrassing behavior are
higher when computer-assisted techniques, particularly self-administered techniques, are used
(Tourangeau and Smith 1996; Wright, Aquilino,
and Supple 1998).
The percentage of the U.S. adult population
that has ever been incarcerated in a state or federal prison increases sharply among 25- to 34year-olds, compared to 18- to 24-year-olds
(Bonczar 2003). This points to a likely heavier
sample attrition among more chronic offenders
because of incarceration at Wave III but not at
Waves I and II. Add Health Wave III records the
specific reasons why some Wave I and Wave II
respondents were not interviewed at Wave III.
Approximately 12 individuals from the sibling
sample were not interviewed due to incarceration. Chantala, Kalsbeek, and Andraca (2004)
estimated the extent of underreporting at Wave
III relative to Wave I, using the respondents
and the reports at Wave I and taking advantage
of the observation that some of the respondents
at Wave I were nonresponders at Wave III. Their
estimates indicate that most of the delinquent
and violently delinquent activities could be
underrepresented by 1 to 2.5 percent in the
Wave III data relative to the Wave I population
and that selling drugs, carrying a weapon, and
shooting or stabbing someone could be underrepresented by about 5 percent. To reduce the
potential impact of disproportional sample attrition at Wave III, we remove observations of
serious and violent delinquency measured at
age 24 or older.
SOCIAL

CONTROL: STRUCTURAL AND DEMO-

GRAPHIC VARIABLES .

Table 1 provides the
descriptions, means, and standard deviations
of the variables used in our analysis. The declining delinquency scores from Wave I to Wave III
reflect the underlying age patterns of delinquency. The PVT, a slightly abridged version of
the Peabody Picture Vocabulary Test (Lubin,
Larsen, and Matarazzo 1984; Rice and Brown
1967), is usually considered a verbal IQ test.
About 4 percent of the participants are missing
on the PVT. The original religiosity, measured
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Table 1. Variable Description, Means, and Standard Deviations
Variable Name

Description

Serious and Violent Delinquency
—Wave I
—Wave II
—Wave III
—Wave I
—Wave II
—Wave III
Structural/Demographic
Age/Ethnicity
—Age
—White
—Black
—Hispanic
—Asian
Cognitive Development
—PVT < 90
—PVT 90 to 110
—PVT > 110
—PVT Missing
Religiosity
—Weekly or more, WI
—Weekly or more, WII
—Weekly or more, WIII
Family SES
—Household size
—Parent jobless
—Jobless missing
—< High school
—High school
—> High school
Contextual Traits
—Proportion black
Family Process
—Daily family meals
—Social services
—Two biological parents
—Parental attachment
—Dad jailed
School Process
—Repeated a grade
—School attachment
—Peer problems
—Truancy in last year
—Being expelled
Social Networks Wave I
—Friends delinquency
—Centrality
—Density
—Popularity
Genotype
—9R/9R
—10R/9R
—10R/10R
—178/304
—178/178
—304/304
—2R

Serious Delinquency Scale, Wave I
Serious Delinquency Scale, Wave II
Serious Delinquency Scale, Wave III
Violent Delinquency Scale, Wave I
Violent Delinquency Scale, Wave II
Violent Delinquency Scale, Wave III

Mean

SD

2.43
1.65
1.18
1.68
1.05
.69

4.32
3.45
2.35
3.13
2.36
1.62

17.6
.603
.167
.149
.081

2.89
.48
.372
.357
.271

Verbal IQ less than 90 at Wave I
Verbal IQ between 90 and 110 at Wave I
Verbal IQ greater than 110 at Wave I
Missing on IQ score at Wave I

.247
.484
.269
.044

.431
.499
.444
.205

Respondent attends church weekly or more at Wave I
Respondent attends church weekly or more at Wave II
Respondent attends church weekly or more at Wave III

.352
.475
.173

.478
.499
.378

Number of individuals living in household at Wave I
Parent unemployed at Wave I
Parent missing response on employment at Wave I
Parent interviewed has less than high school education
Parent interviewed has high school education only at
—Wave I
Parent interviewed has education beyond high school

5.02
.053
.127
.238
.272

1.48
.224
.330
.426
.456

.490

.499

.128

.245

Eats meals with parent 6 days per week at Wave I
Taken out of home by social services by 6th grade
Lives with both parents at Wave I
Emotional attachment to resident parent, Wave I
Biological parent served time in jail, Wave III

.479
.013
.640
4.48
.14

.50
.11
.480
.74
.35

Repeated grade by Wave I
Emotional attachment to school at Wave I
Problems getting along with other students, Wave I
Has 5 or more unexcused absences from school, Wave I
Expelled from school by Wave I

.257
2.21
.076
.097
.031

.437
.83
.26
.30
.174

Friends’ delinquent behavior at Wave I
Respondent’s centrality in friends social network
Respondent’s density in friends social network
Respondent’s popularity in friends social network

5.96
.81
.28
4.84

Respondent’s age at time of interview at Wave I
Respondent’s race reported as white at Wave I
Respondent’s race reported as black at Wave I
Respondent’s race reported as Hispanic at Wave I
Respondent’s race reported as Asian at Wave I

Proportion black in census tract at 1990 Census

Proportion of 9R/9R genotype in DAT1
Proportion of 10R/9R genotype in DAT1
Proportion of 10R/10R genotype in DAT1
Proportion of A1/A2 genotype in DRD2
Proportion of A2/A2 genotype in DRD2
Proportion of A1/A21genotype in DRD2
Proportion of 2R/Other genotype in MAOA

.053
.348
.599
.372
.549
.079
.008

Notes: N = 1,111 persons; 3,071 person-observations; fewer when some family, school, and social network
variables are considered.
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by church attendance in all three waves, has
four categories: never, less than monthly, less
than weekly, and weekly or more. Our exploratory data analysis shows that the main distinction
is between “weekly or more” and the other three
categories. We create a dummy variable to
reflect this result.
Household size measures household crowding and includes all individuals living in the
household at Wave I. Parent jobless measures
parental unemployment, which is coded 1 if
one or two parents were unemployed at Wave I
and 0 otherwise. Education refers to the education level of the adult interviewed at home at
Wave I (categories are less than high school
graduation, high school graduation, and at least
some college education). We also consider a
number of contextual characteristics and, in our
final analysis, focus on the percentage of African
Americans in the Census tract.
SOCIAL CONTROL: FAMILY PROCESS VARIABLES.
Two biological parents is based on a family
structure variable in Add Health that has categories of two biological parents, single parent,
stepparent, and other families including children
from adopted families and foster homes (Harris,
Duncan, and Boisjoly 2002). We created a
dummy variable for two biological parent families versus all others. Daily family meals is
based on the Add Health Wave I question, “On
how many of the past 7 days was at least one of
your parents in the room with you while you ate
your evening meal?” We coded the answer as a
dummy variable with six or seven days as 1
and fewer than six as 0. Wave I parental attachment is an average of two variables constructed from “How close do you feel toward your
resident mother or resident father?” and “How
much do your parents care about you?” Both
range from 1 to 5. Dad jailed, coded 0 or 1, is
constructed from the Wave III question, “Has
your biological father ever served time in jail or
prison?” Social services, also from Wave III, is
coded 1 if the respondent reported having been
taken out of the home by social services before
the sixth grade.
SOCIAL CONTROL: SCHOOL PROCESS VARIABLES.
Repeating a grade is coded 1 if the respondent
had repeated a grade by Wave I. About onefourth of Add Health respondents had repeated

a grade by Wave I. School attachment (Haynie
2001) is an average of the responses (each ranging from 1 to 5) to the three Wave I questions
concerning whether a respondent last year felt
close to people at school, felt like being part of
school, and was happy to be at school. Peer
problems is based on the Wave I self-report of
daily problems getting along with peers at
school. The variable is coded 1 if the answer is
“almost everyday” or “every day” and 0 otherwise. Truancy is a measure of skipping school
for a full day without an excuse last year. It is
coded 1 if the number of unexcused absences
is 5 or more.
SOCIAL

CONTROL: FRIEND SOCIAL-NETWORK

VARIABLES.

These variables include centrality,
density, popularity, and friend delinquency
(Haynie 2001). Our centrality measure, developed by Bonacich (1987), attempts to gauge
adolescents’ positions within their friend networks. It is a measure of the number of links
required to connect all other adolescents in a
person’s friendship network. The lower the number of links required, the more central the adolescent. The measure is weighted by the
centrality of those a person nominates as friends.
This measure of centrality takes into consideration not only a respondent’s position but also
the person’s friends’ social positions.
The most dense network possible is one in
which every member has ties to every other
member. Density is measured by the observed
number of ties divided by the number of possible ties in an adolescent’s friendship network,
standardized by the maximum number of friends
a respondent can nominate. The ties include
both “send” and “receive” nominations. An
average density value of .28 indicates that 72
percent of the potential pairwise ties in an adolescent’s social network are not nominated.
Popularity is measured by the number of
receive nominations, or the number of times
the respondent is nominated by other students
in school. Each adolescent was nominated as a
friend an average of 4.84 times.
Friend delinquency is measured by the average number of self-reported minor delinquency items over the past 12 months per
send-and-receive friend nomination. The minor
delinquency items include smoked cigarettes,
drank alcohol, got drunk, skipped school without an excuse, did dangerous things on a dare,
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and raced vehicles such as cars or motorcycles. The measure is based on responses
obtained directly from the friends themselves at
the Add Health Wave I school interview. Almost
all studies on peer influences use data based on
a respondent’s perceptions of a friend’s behavior instead of the actual behavior of a friend.
Perceptions of friends’ behavior are considered
unreliable because reporters tend to project their
own behavior onto others (Bauman and Ennett
1996). This perception bias can be corrected
only with data that allow the measures of friends
to be taken directly.
Compared with the delinquency items
obtained from the in-home surveys at Waves I
to III, and used to construct our dependent variables, the friend delinquency items are fewer and
more minor, but they are the only delinquency
items available from the friends themselves.
Friend delinquency has a mean value of 5.96,
indicating that friends committed an average
of six minor delinquent activities over the past
12 months.
GENETIC VARIANTS. At Wave III, in collaboration with the Institute for Behavioral Genetics
in Boulder, Colorado, Add Health collected,
extracted, and quantified DNA samples from the
sibling subsample. This article reports findings
from three genetic polymorphisms in three
genes: a 40-bp VNTR polymorphism in the 3′
region of the DAT1 gene, a polymorphic Taq1A
restriction endonuclease site about 2,500 bp
downstream from the coding region of the
DRD2 gene, and the 30-bp VNTR in the promoter region of the MAOA gene. Additional
details about these genetic polymorphisms can
be found in our Online Supplement and at the
Add Health Web site.
ANALYTICAL STRATEGY
AND RESULTS
We present results from both exploratory contingency table analysis and regression analysis.
The contingency table analysis compares the
mean scores of serious delinquency and violent
delinquency across genotypes and age group.
The regression analysis uses mixed regression
models (Searle 1971; Searle, Casella, and
McCulloch 1992), which are essentially random-effects models or multilevel models. Our
sample consists of twins and siblings measured

repeatedly over Add Health waves. These measures are not independent. The mixed models
have long been established in the statistical literature for analysis of data that are not independent. The following equation describes the
basic structure of our models:
Delinquencyjit(s) =
␤0ji(s) + Djit ␤1 + SCji ␤2 + Gji ␤3 +
ejit(s) , (level 1 model)
␤0ji(s) = ␤0j(s) + ji , (level 2 model)
␤0j(s) = ␤0 + u0j(s) , (level 3 model)
where delinquency is either serious delinquency or violent delinquency measured at Wave t,
for individual i, in sibling cluster j, and for type
of sibling cluster s (MZ twins, DZ twins, or
full siblings); D is a row vector of demographic covariates for Wave t, individual i, and sibling cluster j; SC is a row vector of social control
covariates measuring social-structural conditions, family processes, school processes, and
social networks; G is a row vector of covariates
measuring genetic variants in DAT1, DRD2,
and MAOA; and u0j(s) , ji , and ejit(s) are random
effects at the level of sibling cluster, individual,
and Add Health wave, respectively. Gene–environment interaction terms can be added to this
equation readily.
The basic trajectory of serious and violent
delinquency is described by age and age2 and
their parameters. The model allows the random
effect at the sibling cluster level and the level of
delinquency measures to vary by type of sibling
cluster because the strength of the correlation in
these types of sibling clusters varies considerably.
Random coefficients for age and age2 were tested and dropped because they were not significant.
Conditional on the three random intercepts at
the level of sibling clusters and one random intercept at the individual level, the siblings and
repeated measures are independent.
Population stratification is a major concern
in genetic association studies (Marchini et al.
2004).5 We address the potential impact of pop-

5

An association between a genetic variant and a
human outcome can be false-positive (or false-negative) because individuals with the outcome and individuals without the outcome have different genetic
backgrounds or different ancestral population origins.

Downloaded from asr.sagepub.com at Serials Records, University of Minnesota Libraries on January 10, 2011

554—–AMERICAN SOCIOLOGICAL REVIEW

ulation structure by adjusting for self-reported
race/ethnicity in all regression analyses so that
the comparisons across genotypes are made
after adjusting for the effects of race/ethnicity.
We also apply Allison and colleague’s (1999)
procedure for testing for possible population
stratification (data not shown). Our findings
do not seem to be affected by population stratification.
FINDINGS FROM EXPLORATORY ANALYSIS
Table 2 compares the mean score of serious
delinquency and violent delinquency across
genotypes by age group among males. Both
serious delinquency and violent delinquency
peak at ages 16 to 18, consistent with the age
patterns of delinquency typically found among
adolescents and young adults. For the DAT1
gene, the most prominent result is the sharply
reduced serious and violent delinquency scores
in each of the three age groups for individuals
with the DAT1*9R/9R genotype as compared
with the DAT1*10R/10R genotype and the
DAT1*10R/9R genotype. For example, individuals ages 16 to 18 with the 9R/9R genotype
scored an average of 1.28 on the serious delinquency scale, which is much lower than 2.11 for
the 10R/10R genotype and 2.23 for the 10R/9R
genotype.
For the DRD2 gene, the participants heterozygous for the 178 and 304 alleles consistently scored higher on both the serious

delinquency and the violent delinquency
scales across all three age groups than did the
homozygotes of the DRD2*304/304 and
DRD2*178/178 genotypes. Comings and
MacMurray (2000) review this pattern of much
higher or lower value for the heterozyotes relative to both types of homozygotes and describe
it as heterosis. For the MAOA gene, the male participants with a 2 repeat on the X chromosome
reported much higher levels of serious and violent delinquency. These initial exploratory associations concerning DAT1, DRD2, and MAOA
do not seem to vary by age group, suggesting
an absence of interaction between the genotype
effects and life stages of adolescence and young
adulthood. The next section presents significance test results for the genotype effects
obtained from the mixed regression-models that
take into account the sibling clustering.
MAIN EFFECTS OF SOCIAL CONTROL AND
GENETIC PROPENSITIES
The model of social control in Table 3, which
does not consider genetic variants, reveals significant effects, and in the expected directions,
particularly for repeating a grade in school, religiosity, parental unemployment, and daily family meals. Repeating a grade is associated with
higher serious delinquency, although the result
is only marginally signif icant (p = .09).
Attending church weekly or more corresponds
with a much lower serious delinquency score,

Table 2. Mean Score of Serious Delinquency and Violent Delinquency by Genotype and Age; Add
Health Males, Waves I to III

Genotype
Age Range
Gene
—DAT1

—DRD2

—MAOA

10R/10R
10R/9R
9R/9R
Other/Other
Sample size
178/178
178/304
304/304
Sample size
2R
No 2R
Sample size

Genotype
Frequency
at Wave I

654
378
56
42
1130
619
425
89
1113
11
1115
1126

Serious Delinquency

Violent Delinquency

12–15

16–18

19–23

12–15

16–18

19–23

2.11
2.28
1.17
1.97
872
2.03
2.38
1.52
868
5.78
2.07
865

2.11
2.23
1.28
1.59
1292
1.84
2.56
1.69
1284
3.23
2.10
1281

1.17
1.23
.62
1.65
1095
1.20
1.20
.95
1098
2.20
1.17
1095

1.37
1.63
.76
1.46
872
1.33
1.68
1.09
868
4.33
1.40
865

1.40
1.51
.92
1.04
1292
1.21
1.75
1.13
1284
2.53
1.40
1281

.710
.73
.29
1.03
1095
.68
.67
.62
1094
1.70
.70
1095
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Table 3. Coefficients (standard errors) of Random-Effects Models of Serious Delinquency among
Male Adolescents and Young Adults: Social Control and Genetic Propensities (Add
Health Waves I to III)
Models

Social Control

DAT1

DRD2

MAOA

3 Combined

Intercept
–2.207(2.209) –2.996(2.230) –1.975(2.212) –2.259(2.209)
–2.755(2.232)
Age/Ethnicity
—Age
.628(.242)** .624(.241)**
.622(.242)** .632(.242)**
.621(.241)**
—Age2
–.022(.007)*** –.022(.007)*** –.022(.007)*** –.022(.007)*** –.022(.007)***
—White
—Black
–.013(.326)
–.023(.326)
–.020(.327)
–.057(.327)
.008(.326)
—Hispanic
.527(.256)*
.551(.256)*
.599(.262)*
.511(.257)
.599(.261)*
—Asian
.537(.312)
.540(.315)
.524(.315)
.534(.313)
.529(.317)
School Attachment
—Repeated grade
.339(.19)
.332(.189)
.331(.19)
.343(.19)
.329(.19)
—PVT < 90
.037(.254)
.031(.256)
.035(.256)
.04(.255)
.036(.255)
—PVT 90 to 110
.213(.192)
.216(.192)
.191(.193)
.207(.193)
.195(.192)
—PVT > 110
—PVT missing
–.398(.415)
–.373(.416)
–.446(.417)
–.387(.416)
–.406(.415)
Religiosity
—Weekly or more
–.768(.14)*** –.767(.139)*** –.758(.14)*** –.766(.14)***
–.755(.143)***
Family SES
—Two bio. parents
–.178(.182)
–.171(.182)
–.152(.182)
–.173(.182)
–.143(.181)
—Others
—Household size
.018(.056)
.023(.056)
.022(.056)
.023(.056)
.031(.056)
—Parent jobless
.781(.379)*
.782(.379)*
.821(.379)*
.769(.378)*
.808(.378)*
—Jobless missing
.164(.32)
.178(.32)
.174(.321)
.170(.322)
.194(.321)
—< High school
–.280(.285)
–.299(.284)
–.263(.285)
–.291(.286)
–.293(.285)
—High school
—> High school
.106(.2)
.126(.2)
.117(.2)
.113(.2)
.121(.199)
—Daily fam. meals
–.459(.157)** –.458(.156)** –.448(.157)** –.454(.157)**
–.454(.156)**
Contextual Characteristics
—Proportion black
.756(.472)
.741(.472)
.719(.472)
.708(.472)
.661(.471)
Genotype
—9R/9R
—10R/9R
.966(.361)**
.893(.362)*
—10R/10R
.747(.356)*
.667(.357)
—178/304
—178/178
–.276(.17)
–.259(.17)
—304/304
–.843(.312)**
–.773(.311)*
—2R
1.799(.870)*
1.726(.866)*
—No 2R
Random Effects
—2u, MZ
5.543(1.46)*** 5.548(1.502)*** 5.338(1.458)*** 5.605(1.515)***
5.431(1.479)***
4.2920(.955)*** 4.3160(.988)*** 4.4400(.955)*** 4.2250(.979)***
4.3340(.981)***
—2u, DZ
1.7550(.4)*** 1.8100(.399)*** 1.7740(.398)*** 1.7400(.398)***
1.8130(.393)***
—2u, ful sib
1.2160(.358)*** 1.1380(.359)*** 1.1590(.354)*** 1.2040(.361)***
1.0810(.353)**
—2v, person
11.171(1.018)***11.212(1.018)*** 11.2000(.99)*** 11.174(1.01)***
11.238(1.019)***
—2e, MZ
7.6200(.552)*** 7.5530(.560)*** 7.6190(.552)*** 7.6230(.562)***
7.6270(.561)***
—2e, DZ
7.8700(.3)*** 7.9120(.299)*** 7.8650(.3)*** 7.8730(.3)***
7.8600(.299)***
—2e, ful sib
P against social control
—
.0247
.0136
.0404
.0035
–2 Log L
16,006.9
15,999.5
15,998.3
16,002.7
15,988.3
N of persons
1,111
1,111
1,111
1,111
1,111
N of measures
3,071
3,071
3,071
3,071
3,071
* p ≤ .05; ** p ≤ .01; *** p ≤ .001 (two-tailed tests).
Downloaded from asr.sagepub.com at Serials Records, University of Minnesota Libraries on January 10, 2011

556—–AMERICAN SOCIOLOGICAL REVIEW

and the result is highly significant. Parental
unemployment is linked to a much higher serious delinquency score, and having meals daily
with a parent has a large protective effect on serious delinquency. As expected, all four betweenvariances for MZ twin pairs, DZ twin pairs,
full-sibling clusters, and repeated measures of
the same individual are highly significant.
The models of DAT1, DRD2, and MAOA in
Table 3 each add one genetic polymorphism in one
of the three genes to the model of social control.
The estimated effects of these genetic variants are
highly consistent with those from the contingency
table analysis in Table 2. The models of DAT1
include only participants with the DAT1*10R/10R,
DAT1*10R/9R, and DAT1*9R/9R genotypes. The
three genotypes amount to about 98 percent of the
sample. The DAT1 model shows that individuals
with 10R/10R and 10R/9R genotypes scored,
respectively, .96 and .75 points higher on the serious delinquency scale than did those with the
9R/9R genotype. The corresponding p values are
.0079 and .034, respectively. A likelihood ratio test
for the two categories of 10R/10R and 10R/9R
against 9R/9R yields an χ2 statistic of 7.4 with 2
df (p = .025).
In the model of DRD2, the homozygous
178/178 and the 304/304 genotypes scored lower
than the heterozygotes (178/304) (.28 and .84
lower, with p values of .098 and .0054, respectively). A likelihood ratio test of the two categories of the homozygotes against the heterozyotes
yields an χ2 statistic of 8.6 with 2 df (p = .014).
In the model of MAOA, the 2 repeat genotype is
associated with a much higher serious delinquency
score (1.80; p = .040) than are the other genotypes.
When three genetic polymorphisms are added to
the model of social control (last model in Table 3),
the effects of these genetic variants and their p values are essentially the same as the models in which
one polymorphism is added at a time, suggesting
an absence of gene–gene correlations or that these
three genetic variants are independently predicting delinquency. A likelihood ratio test against
the social control model produces an χ2 statistic
of 18.6 with 5 df (p = .0035). The results for violent delinquency in Table 4 are similar to those for
serious delinquency in Table 3. The estimated
effects of genetic variants are very similar across
the two sets of results.
Tables 3 and 4 both report the number of participants as well as the number of observations
used in a model. Most participants contributed

three observations to the analysis. A small number of participants contributed fewer than three.
To facilitate comparison and likelihood ratio tests
across different models to test genotype effects,
we use exactly the same number of observations
in the models on serious delinquency (3,071)
and violent delinquency (3,071). Using samples
with the maximum number of observations
(3,243) yields almost identical results.
GENE–ENVIRONMENT INTERACTIONS
Table 5 presents models that investigate the
gene–environment interaction between MAOA
and grade retention and the interaction between
DRD2 and having daily family meals. All the
interaction terms are statistically significant.
The p values for the two MAOA interaction
terms are .0005 (serious delinquency) and .0001
(violent delinquency), respectively. The p values for the two DRD2 interaction terms are .023
and .0069, respectively. The likelihood ratio
test of the model of serious delinquency with
two interaction terms (two combined model)
against the model (not shown here) without the
two interaction terms produces an χ2 of 15.6
with 2 df and a p value of .0003. The parallel
model of violent delinquency produces an χ2 of
23.6 with 2 df and a p value less than .0001.
These gene–environment interaction findings indicate that certain genotype effects and
the effects of social control are mutually dependent. For example, in the MAOA model of serious delinquency, the effect of repeating a grade
depends on whether one has a 2 repeat in MAOA.
Without a 2 repeat, repeating a grade raises the
serious delinquency score by only .30. With a
2 repeat allele, repeating a grade raises the score
by the large value of 6.44. The aforementioned
interaction term is interpreted as an effect of
grade retention that depends on a genotype. An
interaction term can also be interpreted as a
genotype effect that hinges on the level of social
control. For example, in the DRD2 model of
serious delinquency, for those who do not have
regular meals with a parent, having the 178/304
genotype raises the delinquency score by .70
points. For those who do have daily meals with
a parent, however, the negative effect of 178/304
is completely suppressed (.70 – .72 ≈ 0).
The estimates in the last two models in Table
5 that consider two interaction terms jointly are
very similar to those in the models that consid-

Downloaded from asr.sagepub.com at Serials Records, University of Minnesota Libraries on January 10, 2011

GENETIC PROPENSITIES AND DELINQUENCY—–557

Table 4. Coefficients (standard errors) of Random-Effects Models of Violent Delinquency among
Male Adolescents and Young Adults: Social Control and Genetic Propensities (Add
Health Waves I to III)
Models

Social Control

Intercept
Age/Ethnicity
—Age
—Age2
—White
—Black
—Hispanic
—Asian
School Attachment
—Repeated grade
—PVT < 90
—PVT 90 to 110
—PVT > 110
—PVT missing
Religiosity
—Weekly or more
Family SES
—Two biological parents
—Others
—Household size
—Parent jobless
—Jobless missing
—< High school
—High school
—> High school
—Daily family meals
Contextual Characteristics
—Proportion black
Genotype
—9R/9R
—10R/9R
—10R/10R
—178/304
—178/178
—304/304
—2R
—No 2R

–.498(1.565)

DAT1

DRD2

–.997(1.567)

–.279(1.562)

MAOA
–.545(1.56)

3 Combined
–.779(1.581)

.308(.171)
.306(.171)
–.012(.005)** –.012(.005)**

.304(.172)
.312(.172)
–.012(.005)** –.012(.005)**

.305(.171)
–.012(.005)**

–.026(.228)
.317(.18)
.280(.218)

–.011(.229)
.357(.183)*
.257(.22)

–.024(.229)
.355(.184)
.270(.222)

.344(.134)*
.3214(.179)
.208(.135)
–.387(.293)

–.001(.228)
.335(.180)
.293(.221)
.341(.134)*
.217(.179)
.214(.135)
–.369(.294)

.335(.134)*
.208(.179)
.191(.135)
–.421(.294)

–.063(.228)
.301(.18)
.276(.218)
.347(.134)**
.216(.179)
.205(.135)
–.379(.293)

.336(.133)*
.215(.18)
.195(.135)
–.39(.293)

–.467(.102)*** –.46(.101)***

–.461(.10)*** –.466(.101)***

–.459(.099)***

–.093(.128)

–.086(.128)

–.073(.128)

–.09(.128)

–.064(.128)

.017(.039)
.342(.267)
.108(.225)
–.244(.2)

.021(.039)
.348(.266)
.116(.226)
–.257(.199)

.02(.039)
.367(.266)
.095(.225)
–.237(.2)

.021(.04)
.335(.267)
.115(.226)
–.252(.2)

.026(.04)
.362(.265)
.130(.226)
–.257(.201)

–.042(.14)
–.287(.11)**

–.043(.14)
–.308(.11)**

–.046(.14)
–.287(.11)**

–.045(.14)
–.284(.11)*

–.044(.14)
–.285(.11)**

.624(.331)

.614(.331)

.591(.33)

.586(.332)

.547(.329)

.634(.256)*
.442(.252)

.578(.257)*
.381(.252)
–.271(.119)*
–.617(.218)**
1.55(.621)*

–.257(.119)*
–.567(.218)**
1.499(.618)*

Random Effects Omitted
P against social control
–2 Log L
N of persons
N of measures

13,889.1
1,111
3,071

.0317
13,882.0
1,111
3,071

.0058
13,878.8
1,111
3,071

.0128
13,882.9
1,111
3,071

.0005
13,866.8
1,111
3,071

* p ≤ .05; ** p ≤ .01; *** p ≤ .001 (two-tailed tests).

er one interaction term at a time. The parameter estimates in the joint model are slightly
smaller, and the p values are slightly larger than
those in the single-term models, suggesting the
absence of major correlations among the two
genetic polymorphisms.

ADDITIONAL GENE–ENVIRONMENT
INTERACTIONS WITH FAMILY PROCESSES,
SCHOOL PROCESSES, AND FRIEND SOCIAL
NETWORKS
We systematically test additional gene–environment interactions with indicators of family
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Intercept
—Age
—Age2
—White
—Black
—Hispanic
—Asian
School Attachment
—Repeated grade
—PVT < 90
—PVT 90 to 110
—PVT > 110
—PVT missing
Religiosity
—Weekly or more
Family SES
—Two biological parents
—Others
—Household size
—Parent jobless
—Jobless missing
—< High school
—High school
—> High school
—Daily family meals
Contextual Traits
—Proportion black

Models

–.639(1.56)
.318(.172)
–.012(.005)**
–.076(.225)
.331(.178)
.267(.216)
.309(.132)*
.2(.178)
.211(.134)
–.356(.292)
–.462(.101)***
–.078(.126)
.027(.039)
.355(.263)
.163(.223)
–.303(.198)
–.058(.138)
–.276(.11)**
.594(.327)

–.068(.324)
.548(.255)*
.521(.311)

.299(.190)
.022(.253)
.215(.191)

–.358(.415)

–.761(.143)***

–.160(.181)

.030(.056)
.791(.376)*
.231(.322)
–.358(.284)

.099(.198)
–.464(.157)**

.708(.468)

Violent
Delinquency

–2.366(2.207)
.639(.242)**
–.022(.007)***

Serious
Delinquency

MAOA
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.708(.471)

.107(.201)
–.198(.196)

.027(.056)
.826(.379)*
.132(.322)
–.280(.287)

–.155(.183)

–.779(.14)***

–.411(.418)

.306(.191)
.040(.256)
.18(.193)

.048(.325)
.509(.256)*
.487(.316)

–2.476(2.209)
.629(.242)**
–.022(.007)***

Serious
Delinquency

DRD2

.581(.332)

–.051(.14)
–.067(.138)

.025(.04)
.381(.267)
.083(.227)
–.244(.201)

–.073(.128)

–.477(.099)***

–.401(.294)

.316(.134)*
.215(.179)
.181(.136)

–.057(.226)
.301(.18)
.235(.22)

–.738(1.562)
.310(.172)
–.012(.005)**

Violent
Delinquency

.663(.468)

.090(.199)
–.191(.194)

.038(.056)
.833(.376)*
.203(.320)
–.357(.285)

–.138(.181)

.553(.326)

–.065(.138)
–.065(.136)

.033(.039)
.392(.264)
.138(.223)
–.302(.199)

–.059(.127)

–.471(.099)***

–.370(.291)

.284(.133)*
.200(.177)
.185(.134)

–.104(.225)
.318(.178)
.224(.216)

–.867(1.561)
.319(.172)*
–.012(.005)**

Violent
Delinquency

(continued on next page)

–.772(.143)***

–.370(.415)

.268(.189)
.025(.253)
.185(.191)

–.10(.323)
.531(.254)*
.474(.311)

–2.622(2.206)
.639(.242)**
–.022(.007)***

Serious
Delinquency

Two Combined

Table 5. Coefficients (standard errors) of Random-Effects Models of Serious and Violent Delinquency among Male Adolescents and Young Adults:
Interactions between Genetic Propensities and Social Controls (Add Health Waves I to III)
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–.605(.222)**

p < .0001
13,851.6
1,111
3,071
p = .0003
15,981.2
1,111
3,071
13,873.9
1,111
3,071

5.323 (1.312)***
–.581(.219)**
6.27(1.834)***
–.693(.313)*

–.118(.734)
–.19(1.032)

.577(.153)***

Violent
Delinquency
Serious
Delinquency

.664(.219)**
.602(.155)***

15,996.9
1,111
3,071
15,990.5
1,111
3,071
Random Effects Omitted
2 interact terms
–2 Log L
N of persons
N of measures

* p ≤ .05; ** p ≤ .01; *** p ≤ .001 (two-tailed tests).

5.479(1.32)***
6.44(1.84)***

13,865.9
1,111
3,071

–.137(.739)
–.213(1.036)

–.719(.317)*

.692(.219)**

Genotype
—178/304
—178/178 or 304/304
—2R
—No 2R
GxE Interaction
—Repeated grade*2R
—Daily meals*178/304

Models

Table 5. (continued)

Serious
Delinquency

MAOA

Violent
Delinquency

Serious
Delinquency

DRD2

Violent
Delinquency

Two Combined
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processes, school processes, and friend
social networks. In Table 6, we present
interaction results between family
processes and DRD2*178/304, which is
shown to be interacting with family meals
in Table 5. The two models of family
meals (Models 1 and 7) for serious and
violent delinquency are the same as those
presented in Table 5 except that the models in Table 6 use fewer observations
because of missing values in the additional family process variables. The models in Table 6 show only the main and
interaction effects directly relevant to the
particular interaction. All the other coefficients are omitted. Models 2 to 5 and 8
to 11 replace family meals with another
family indicator. Models 6 and 12 consider three family process indicators
simultaneously: family meals, social
services, and two biological parents.
From the perspective of gene–environment interactions, social services and
two biological parents act similarly to
family meals. In the case of social services, the joint presence of both the riskier allele (178/304) and social services
substantially heightens serious (2.86) and
violent (1.98) delinquency. In the case of
two biological parents, growing up with
two biological parents reduces the level
of serious (–.736) and violent (–.458)
delinquency for those possessing the
riskier allele. Parent attachment and dad
jailed do not seem to interact with the
genetic variant.
Table 7 is parallel to Table 6 and presents interaction results for school
process indicators. In addition to repeating a grade, school attachment shows
significant interactions with MAOA*2R.
Consistent with expectations, both school
attachment and MAOA*2R are significantly associated with delinquency.
However, for those MAOA*2Rs, each
level of school attachment reduces the
serious delinquency scale by 3.32 and
the violent delinquency scale by 2.23.
Peer problems, truancy, and being
expelled all have a strong positive main
effect on delinquency, but they do not
seem to interact with MAOA*2R.
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Table 6. Coefficients in the Random-Effects Models of Serious and Violent Delinquency among
Male Adolescents and Young Adults: Interactions between Genetic Propensities and
Family Processes (Add Health Waves I to III)
Family
Meals

Social
Services

2 BioParents

Model 1 Model 2

Model 3

Parent
Attachment

Dad
Jailed

Family
Meals

Social
Services

2 BioParents

Serious Delinquency
Family
DRD2*178/304
GE interaction

–.209**
.629**
–.583

1.10*
.311
2.86

–.134**
.834**
–.736*

Model 4

Model 5

–.834***
–1.035**
.295

.748**
.277
.172

Model 6
.033
1.13***
–.759***

1.27

–.229

2.62

–.558

Violent Delinquency
Model 7 Model 8
Family
DRD2*178/304
GE interaction

–.076
.548**
–.548*

N of measures
N of persons

2,798
1,023

Model 9

.809
.270*
1.98
2,798
1,023

Model 10 Model 11

–.084
.598**
–.458

–.578***
–.451
.157

.462*
.234
.204

2,798
1,023

2,798
1,023

2,798
1,023

Model 12
.032
.877***
–.48

.905

–.099

1.82

–.51*

2,798
1,023

Note: The interaction terms are added to the same basic models as in Tables 3 to 5.
* p ≤ .05; ** p ≤ .01; *** p ≤ .001 (two-tailed tests).

likely source for this discrepancy is analysis
samples. Whereas Haynie’s results are based
on the entire Add Health sample of more than
13,000 individuals, we derive our results from
755 males for whom the network and DNA data
are available.
The interaction effects between friend delinquency and DRD2*178/304 indicate that for
those possessing the riskier 178/304 genotype,

The basic models in Table 8 are the same as
those in Tables 3 and 4. To these basic models,
we add indicators of friendship networks and
gene–environment interactions. Haynie (2001)
interprets only the two-way interaction effects
between friend delinquency and centrality, density, and popularity. Only one interaction in our
analysis, the one between friend delinquency
and centrality, is consistent with Haynie’s. One

Table 7. Coefficients in the Random-Effects Models of Serious and Violent Delinquency among
Male Adolescents and Young Adults: Interactions between Genetic Propensities and
School Processes (Add Health Waves I to III)
Repeating
School
Grade
Attachment

Peer
Problems

Truancy

Being
Repeating
School
Expelled
Grade
Attachment

Serious Delinquency
School
MAOA*2R
GE interaction

Model 1

Model 2

Model 3

Model 4

Model 5

.451**
–.24
6.61***

–.59***
14.1***
–3.32**

1.28***
2.06*
–2.63

01.62***
1.98*
–2.87

2.08***
1.60*
–.31

Model 7

Model 8

Model 9

.26*
–.15
5.56***
3,020
1,094

–.338***
–3.91*
–2.23**
3,020
1,094

.891*** 1.21***
1.70**
1.77*
–1.70
–3.30
3,020
3,020
1,094
1,094

Model 6
.153
6.10
4.83*

–.595***
–1.56

Violent Delinquency
School
MAOA*2R
GE interaction
N of measures
N of persons

Model 10 Model 11
1.56***
1.36**
–.145
3,020
1,094

Model 12
.222
2.42
4.82**

Note: The interaction terms are added to the same basic models as in Tables 3 to 5.
* p ≤ .05; ** p ≤ .01; *** p ≤ .001 (two-tailed tests).
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–.336***
–.637
3,020
1,094
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Table 8. Coefficients in the Random-Effects Models of Serious and Violent Delinquency among
Male Adolescents and Young Adults: Interaction between Genetic Propensities and
Friendship Networks (Add Health Waves I to III)
Serious Delinquency

Violent Delinquency

–.83**
1.79
.093
.2*
.084
–.43*
–.01

–.69(.22)**
1.73*
.091*
.19**
.064
–.39**
–.01

–.65
.—

–.43
.—

Social Network
—Centrality
—Density
—Popularity
—Friend delinquency
—Centrality ⫻ Friend delinquency
—Density ⫻ Friend delinquency
—Population ⫻ Friend delinquency
Genotype
—178/304
—178/178 or 304/304
GE interaction
—Friend delinquency ⫻ 178/304
N of measures
N of persons

.13**
2,050
755

Note: The interaction terms are added to the same basic models as in Tables 3 to 5.
* p ≤ .05; ** p ≤ .01; *** p ≤ .001 (two-tailed tests).

one additional minor delinquency item per identified friend raises the level of serious delinquency by .13 and the level of violent
delinquency by .10.
DISCUSSION AND CONCLUSIONS
The key innovation of this study is the incorporation of molecular genetic variants into a
social-control life-course model of delinquency. We use three genetic polymorphisms in the
DAT1, DRD2, and MAOA genes to measure
genetic propensities for delinquency and criminality. All three genetic variants are significantly related to self-reported serious and violent
delinquency in a model of social control—a
social-control model that includes social-structural conditions and a number of indicators for
family and school processes.
Importantly, our findings also highlight an
interaction effect between the MAOA gene and
repeating a grade and an interaction effect
between the DRD2 gene and having daily family meals. To test whether these interactions
represent merely isolated effects or patterns of
interactions between genetic variants and family and school processes, we examine the interactions with a host of other family, school, and
friendship network characteristics.
The gene–environment analysis shows extensive interaction effects jointly produced by a

.10**
2,050
755

墍

This
already
is
genetic variant and a family, school, or friend- centered
ship network characteristic. Family meals, social
services, and two biological parents separately
and jointly interact with DRD2*178/304.
Repeating a grade and school attachment separately interact with MAOA*2R, and friend
delinquency interacts with DRD2*178/304. In
every instance of these interactions, a stronger
social-control influence of family, school, or
social networks reduces the delinquencyincreasing effect of a genetic variant, whereas
a weaker social-control influence of family,
school, and social networks amplifies the delinquency-increasing effect of a genetic variant. For
example, in the model of serious delinquency
for two biological parents in Table 6, for those
with the DRD2*178/304 genotype, two biological parents reduces the genotypic effect of
.834 by .736.
Our study makes important contributions to
the social-control model of delinquency. By
incorporating fundamental individual differences at the molecular genetic level, we discovered effects of social control that would have
been missed without the interaction analysis. For
example, only in the gene–environment interaction model in Table 6 does two biological
parents significantly predict delinquency. When
two biological parents is included as a main
effect, it is not related to delinquency (Tables 3,
4, and 5).
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Our findings confirm that genetic effects are
not deterministic. The expression of the genes
may depend heavily on environment. In both the
MAOA and DRD2 models, the genotype effect
changes dramatically when an interaction with
environment is allowed. Conversely, the socialcontrol effect also changes radically once an
interaction with a genetic variant is introduced.
The latter point can be illustrated by the
MAOA*2R grade retention interaction result for
serious delinquency in Table 7. For those who
do not have a 2R allele, repeating a grade raises serious delinquency by .451, but for those
possessing a 2R allele, repeating a grade raises serious delinquency by a drastic 6.61.
The mechanisms that lie beneath statistical
gene–environment interactions are, by and large,
poorly understood. The interaction between
MAOA*2R and grade retention may be investigated from two ends: grade retention and
MAOA. What is it about grade retention that
makes an individual more susceptible to the
effect of MAOA*2R? Our theoretical frame
points to social control. Retention may weaken
social control. Compared with younger children, adolescents are more difficult to supervise
and monitor. They typically have made extensive investments in social bonds in school
(Stattin and Kerr 2000). Retained students’
social bonds are likely disrupted by teachers’
negative perceptions and low expectations, by
peer ridicule and labeling, and by their own
feelings of frustration, humiliation, shame, failure, and confusion (Pagani et al. 2001).
Consequently, the weakened bonds to school
may increase exposure to deviant peers. Nagin
and colleagues (2003) report an effect of grade
retention on physical aggression among school
youths.
Little is known about how grade retention
alters MAOA gene expression. Earlier, we
reviewed the epigenetic mechanisms behind a
gene–environment interaction effect on rats’
responses to stress—an interaction between
maternal care and the glucorticoid receptor
gene. Studies of epigenetic mechanisms in
MAOA in humans do not seem to have been
performed.
Having meals daily with one or two parents
is a powerful moderator for the effect of DRD2.
Family meals define routine and consistency
in a family (Wolin and Bennett 1984) and offer
an opportunity for parents to communicate with

their children (Gillman et al. 2000; NeumarkSztainer et al. 2003; Neumark-Sztainer et al.
2000; Videon and Manning 2003). Family meals
may be a formal or informal “check-in” time for
the physical and emotional well-being of the
teens. Several studies report a positive effect of
family mealtimes (Neumark-Sztainer et al.
2004). Youth whose families eat meals together spend more time on homework and reading
for pleasure (Tepper 1999). Regular family
meals may serve as a proxy for parental involvement in a child’s life and family connectedness
in general (Neumark-Sztainer et al. 2004).
Family connection is consistently associated
with reduced risks for emotional distress, substance use, violence involvement, unhealthy
weight control, and sexual behaviors (Borowsky,
Ireland, and Resnick 2001; Eisenberg et al.
2004; Kingon and O’Sullivan 2001; Resnick
et al. 1997).
Not only is epigenetics of crucial importance
for understanding gene–environment interactions, but it may also prove to be important for
interventions. Epigenetic changes are potentially reversible. Meaney and colleagues
(Cervoni et al. 2002; Cervoni and Szyf 2001)
reversed the epigenetic alterations on the glucorticoid receptor exon 17 promoter in grownup offspring of low LG-ABN rats by treating
them with TSA, a histone deacetylases inhibitor.
Changes in responses to stress were also
observed among those that experienced epigenetic reversal. Once treated by TSA, the stress
response of low LG-ABN offspring came to
resemble that of high LG-ABN offspring.
Our study is one of the first to measure
propensities for delinquency and criminality
nearly exogenously. Our propensity measures
depend on the random recombination6 of the two
parents’ genetic makeup and thus are fixed at
conception. They are therefore different from
variables such as one’s own education and
exogenous in the sense that no factors during an
individual’s lifetime could have an impact on the
measures. However, these measures are subject

6 Recombination is the formation of new allele (an
alternative form of a gene located at a particular
chromosome site) combinations in a gamete, which
is a haploid reproductive cell. Two gametes, most
often an egg and a sperm, join in fertilization to form
a zygote.
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to influences of parental behaviors and parental
preferences before conception, including assortative mating. Thus, although genetic measures
are unmistakably biological at one level, they
inevitably have social and behavioral influences
embedded in them. It must be recognized that
some indicators of family, school, and social networks may not be purely environmental. These
influences could be partially genetic. In such
cases, the estimated gene–environment interactions become partially gene–gene interactions, but the genetic influences in these
“environmental” factors are unidentified.
The indicators of family, school, and social
networks may be endogenous or partially
endogenous. For example, the association
between friend delinquency and an individual’s
delinquency may result partially from selection
rather than causality. When both selection and
causation are present, the thorny task is to separate the two. This concern leads to two observations. The first observation is not new: we
should caution against interpreting the associations with the indicators of social processes as
causal. The second observation illustrates again
the importance of “natural experiments,” which
aim at uncovering “causal” effects through
research design. Molecular genetic measures
may help to uncover a relationship with social
processes, but they do not guarantee that the
relationship is causal.
The present study explores only a single polymorphism in each of a very few number of
genes. Other functional variants within each of
the three genes could also be related to human
aggression and violence. A human genome
comprises thousands of genes and millions of
genetic variations. Other functional variants in
other genes should be examined as well. Finally,
the findings must be replicated in large population-based studies before any firm conclusions are drawn.
Studies involving genetic propensities for
delinquency have ethical, legal, and social ramifications (Rothstein 2005). For example, evidence of genetic propensities for criminal
behavior may be used to challenge a basic
assumption of the U.S. legal system: individuals have free will and consequently are held
legally responsible for their behavior. If an individual’s free will is weakened by innate propensities for criminality, should the person not be
held fully responsible? In such a case, punish-

ments like the death penalty might seem cruel
and unusual. The same genetic evidence may
also work against a defendant. In some states,
sexual predator laws indefinitely jail offenders
who have been convicted of multiple sex crimes
against children, for fear the perpetrators may
harm children again if released. Conceivably,
genetic evidence could be used to suggest that
individuals predisposed to commit sex crimes
should not be released. Responsible use of
genetic evidence in these and other ethical,
legal, and social issues remains an unresolved
challenge.
The public policy implications of these findings are just beginning to be discussed. If the
higher-risk genotype DRD2*178/304 could be
neutralized by parental involvement, public policy may want to target individuals with 178/304
and specifically encourage parental involvement. Should that not be feasible, surrogate
programs that involve social institutions beyond
the nuclear family might be implemented. The
case is similar to that for PKU, in which only
individuals with mutations in the phenylalanine hydroxylase gene who are exposed to
phenylalanine in the diet are susceptible to PKU.
The two cases do have important differences.
Genetic variants associated with delinquency are
likely to carry more social stigma and consequences, such as incarceration and genetic profiling, than would the PKU gene. Public policy
programs based on these delinquency-related
genes are likely to be much more delicate. Their
feasibility and implications must be considered
carefully.
Although the particular focus of this study is
on delinquency and criminality, the use of
molecular genetic variants to measure genetic
propensities for human behaviors and other
characteristics may have much broader implications. Explicitly or implicitly, contemporary
social sciences generally assume that all individuals are the same at birth and attribute individual differences solely to environmental
forces. Downplaying individual differences in
certain historical periods may not be inappropriate. In times and places of war, famine, sharp
social inequality, and epidemic diseases, innate
individual differences may be far less significant
than in modern, peaceful, industrialized democracies.
Emerging molecular genetic evidence suggests that individuals may differ in innate

Downloaded from asr.sagepub.com at Serials Records, University of Minnesota Libraries on January 10, 2011

564—–AMERICAN SOCIOLOGICAL REVIEW

propensities for a wide variety of traits and
behaviors. As genetic evidence increasingly
points to intrinsic individual differences, the
social sciences may need to incorporate this
development. In studies investigating causes of
delinquency, the incorporation of genetic evidence may help to estimate social-control effects
(which may be correlated with genetic effects)
more precisely, improve model prediction, and
reveal interactions with social-control processes. The development of contemporary molecular genetics has created challenges and
opportunities for the social sciences. Meeting
the challenges and opportunities will advance
our understanding of how individual traits and
behaviors are affected by social processes.
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