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Using a panel of 6,001 males from the National Longitudinal Study of Adolescent and Adult Health, we examine potential 
moderation by paternal incarceration and parent–child closeness altering the relationship between the rare 2R MAOA geno-
type and delinquency. By jointly examining moderation patterns for both the mother and father with the transmission of the 
MAOA genotype from mother to son, we are able to make inferences about the specific genetic model that best explains these 
outcomes. In line with prior research, we find a direct relationship between the MAOA 2R genotype and delinquency, inde-
pendent of parental incarceration and closeness. Examining moderation patterns, we find that delinquency risk for the 2R 
allele is buffered for males close to their biological or social father but not their biological mother. We conclude that the 
2R-delinquency association is not due to passive gene–environment correlation but is best characterized as a social control 
Gene × Environment interaction.
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For decades, researchers have observed that behaviors and criminal histories concentrate 
within families (Ellis, 1982; Farrington, 2011; Robins, 1966; Robison, 1936; Sampson 

& Laub, 1993; Thornberry, 2005), but identifying underlying combined etiological genetic 
and environmental sources within families remains elusive. Results from sibling, twin, and 
gene–candidate studies indicate that genetic and environmental factors remain important in 
the clustering of delinquency and criminal justice involvement within families (Barnes 
et  al., 2014; Beaver, 2011, 2013; DeLisi, Beaver, Vaughn, & Wright, 2009; DiLalla & 
Gottesman, 1991; Rowe & Farrington, 1997; Tuvblad, Narusyte, Grann, Sarnecki, & 
Lichtenstein, 2011). A separate, but extensive body of research has examined 
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environmental patterns and causes related to intergenerational delinquency (Giordano & 
Copp, 2015; Murray, Bijleveld, Farrington, & Loeber, 2014; Murray & Farrington, 2008; 
Thornberry, 2005) but has largely ignored or faced significant data limitations for examin-
ing related genetic components.1

Consequently, empirical research on the underlying gene–environment underpinnings of 
intergenerational delinquency can help to increase knowledge of the etiology of patterns of 
intergenerational delinquency and crime. Unfortunately, to date, only a few studies have 
begun to directly examine these genetic and environmental factors underlying crime in 
families (Beaver, 2013; Delisi et al., 2009; Miller & Barnes, 2013), with limited inference. 
The ability to attribute genetic and/or environmental causes for family patterns of delin-
quent behavior is complicated by the obvious fact that family members share the same 
environment, parents and child share genes, and genes and environment interact within 
families (Farrington & Welsh, 2007; Rowe & Farrington, 1997). In addition, simultaneous 
measurement of both parents and children is generally lacking in the study of intergenera-
tional delinquency (Thornberry, 2009; Wakefield & Wildeman, 2011), and we are unaware 
of a study providing both genetic and behavioral data from both parents and children. 
Identity by descent is the gold standard of genetic association studies, and a pure assessment 
of this status is possible only with genetic information from both parents and the child. 
Although medical datasets like the Framingham Heart Study contain genetic data across 
three generations, there are no comparable multiple-generation studies in criminology, so 
attributing intergenerational delinquency to specific genetic and environmental sources has 
been beyond the scope of current research (Farrington, Coid, & Murray, 2009).

Despite these limitations, targeted analyses on select genetic and environmental factors 
associated with crime in families make it possible to identify possible patterns of gene–
environment interplay that may lead to observed patterns of crime within families. To 
accomplish this task, our study jointly examines how measures of parental incarceration 
and parental closeness moderate the effects of the 2R variant of the MAOA gene on delin-
quent behaviors. Regulating the production of the enzyme monoamine oxidase, an enzyme 
that controls levels of neurotransmitters such as dopamine and serotonin in the brain linked 
to antisocial behavior in adults (Meyer-Lindenberg et al., 2006), the MAOA gene has been 
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extensively and persistently associated with antisocial and violent behavior for over a 
decade. A recent meta-analysis of 31 studies, including one study focusing on the 2R allele 
in the MAOA, found polymorphisms of the gene to be associated with increased aggression 
and antisocial behavior among males (Ficks & Waldman, 2014). Recent research suggests 
deleterious environmental influences during adolescence may lead those with risky variants 
of MAOA to exhibit antisocial and extremely violent behaviors well into adulthood, increas-
ing risk for criminal behavior and incarceration (Armstrong et al., 2014; Beaver, DeLisi, 
Vaughn, & Barnes, 2010; Beaver, DeLisi, Vaughn, & Wright, 2010; Fergusson, Boden, 
Horwood, Miller, & Kennedy, 2012; Suri, Teixeira, Cagliostro, Mahadevia, & Ansorge, 
2015; Stettler et al., 2014; Tiihonen et al., 2014). The rare 2R polymorphism in MAOA has 
been found to be associated with increased risk for delinquent behavior and criminal justice 
involvement among males (Beaver et al., 2013; Beaver, Barnes, & Boutwell, 2014; Guo, 
Roettger, & Cai, 2008; Guo, Ou, Roettger, & Shih, 2008).2 Because the MAOA gene is 
located on the X chromosome, it is possible to infer identity by descent of the risk allele 
among males. To be clear, XY males with the 2R allele must have inherited it from their 
biological mother, while XX women inherit copies from both the biological father and bio-
logical mother (Eisenberger, Way, Taylor, Welch, & Lieberman, 2007). The fact that MAOA 
is hemizygous among males thus provides a mechanism to infer whether a son’s delin-
quency is caused by inheritance of this risky allele. That is, father–son concordance for risk 
behavior cannot be due to the transmission of this risk allele because sons must have inher-
ited this allele from their mothers. As we describe in detail below, the sex-linked nature of 
this gene provides a unique opportunity to differentiate between different forms of gene–
environment correlation (rGE) and Gene × Environment interaction (G × E).

Maoa 2r Genetic And Familial Environment Interplay

Examining family processes as antecedents to the 2R-delinquency association is impor-
tant because it is possible that family environment risk factors are necessary for the 2R 
allele to be expressed in delinquency and violence among males. For example, DeLisi and 
colleagues (2009) suggested that some parents may cause a “double whammy” for children 
with risky genetic backgrounds by creating an environment in which otherwise small 
genetic associations are exacerbated (p. 1994). This association is described as a G ×Ε in 
which the effect of each component depends on the level of the other. That is, the effect of 
parental incarceration on the likelihood of delinquency depends on genotype and the effect 
of genotype may depend on parental incarceration histories. Some have called this effect a 
social trigger model because the social environment is required to trigger latent genetic 
tendencies (Shanahan & Hofer, 2005). Researchers focused on the MAOA gene following 
Caspi et al.’s (2002) publication, which demonstrated that maltreatment during childhood 
was more likely to lead to violence among adults for those that carried risky alleles in the 
MAOA gene. Those without the risk alleles demonstrated measurable resilience to the oth-
erwise deleterious effects during childhood. Work in this area typically emphasizes envi-
ronments as “risk exposure”; there is an explicit focus on noxious, stressful, or risky 
environments rather than protective, stable, and nurturing ones. For example, Beaver (2013) 
finds that both (a) parental criminality and (b) maternal disengagement and lack of maternal 
attachment predict delinquency among children (p < .05), with the influence of parental 
incarceration not mediated by lack of attachment or disengagement. Beaver’s (2013) 
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analysis, like that of Delisi and colleagues (2009), suggests that having a mother or father 
with a criminal background acts as an environmental pathogen, which interacts with genetic 
propensities to increase delinquent behaviors. We focus on parental incarceration as the 
environmental trigger because it is a clear environmental risk for delinquency among ado-
lescents (Giordano, 2010; Murray & Farrington, 2008; Murray, Farrington, & Sekol, 2012; 
Roettger & Swisher, 2011). Equally important, previous work has shown that parental 
incarceration interacts with the total number of risky alleles for the DAT1, DRD2, and 
DRD4 genes in predicting arrest and incarceration (Miller & Barnes, 2013).

But this explicit focus on risk overlooks the possibility that family factors may control 
genetic tendencies for delinquent behavior. Although, as noted above, an almost limitless 
number of factors (familial, peer, school, etc.) may influence delinquency, the closeness 
of children to their parents is well known to reduce it (Booth, Scott, & King, 2010; 
Demuth & Brown, 2004; R. E. Johnson, 1987). Booth and colleagues (2010) suggest that 
attachment to either a non-biological or a biological parent significantly reduces delin-
quency, while R. E. Johnson (1987) suggests that closeness to the biological father is 
much more likely to reduce delinquency than closeness to the biological mother. Simons 
et al. (2011) show that a generally supportive social environment moderates genetic pro-
pensities to aggression. Similarly, Guo, Roettger, and Cai (2008) provide strong evidence 
that family social resources limit the association between genetic risks and problem 
behaviors. But more importantly, this research shows that the risk can be significantly 
controlled with socially supportive familial environments through mechanisms such as 
the influence of a close mother or father in engaging in prosocial behaviors or desisting 
from antisocial behaviors. Similar results have been shown using comparable measures 
of social controls, and similar measures of delinquency, from the National Youth Study 
(Boardman et al., 2014). In this article, we use an indicator of parental closeness to char-
acterize the social control model because of its robust association in generally reducing 
delinquency (Booth et  al., 2010; Demuth & Brown, 2004), along with its salience for 
examining how behavioral genetics models may be used to further understand the expres-
sion of 2R-related delinquency.

The research described above is important and has led to the very large body of work in G 
× E studies, but it is limited in an important way. No existing study in this area has examined 
the incarceration histories of the parents as related to the 2R-delinquency association. Other 
than knowledge that the respondents were maltreated as children, there is no information 
about the involvement of the parents in the criminal justice system. This is particularly 
important because what is considered a G × E may simply be an rGE (Jaffee & Price, 2007). 
Although G × E models assume that genotype and environmental exposure are independent 
of one another, it is possible that the environmental exposure (parental incarceration) mani-
fests as a risk for the children because the child and their parent share one half of their genes. 
That is, the child inherits the environment (including experiences of parental incarceration) 
and the alleles that are believed to be risky (what is also called passive rGE). With respect to 
Caspi et al. (2003), it is possible that children may have been raised in an environment that 
was more conducive to delinquent behaviors (e.g., exposure to maltreatment) because their 
of their parents genotype which they share (e.g., passive rGE) or because they inherited this 
risky allele from their mothers and they created their risky environment (e.g., evocative rGE) 
common genetic risk. In our case, if the 2R allele is linked to delinquent behaviors, then 
mothers with this risk allele may be more likely than those without the allele to have engaged 
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in risky behaviors themselves. It is therefore important to adjust for maternal criminal history 
in examining the association between this risk allele and problem behaviors.

Identifying Patterns rge And G × E Patterns For 2r

The MAOA 2R genotype, although rare, provides an opportunity to isolate social from 
genetic effects due to its location on the X chromosome and direct association with increased 
activity. Because males cannot inherit the MAOA 2R genotype from their biological father, 
mediating or moderating effects for 2R-related delinquency by father incarceration (FI) or 
father closeness (FC) must be environmentally oriented. In contrast, a moderating effect of 
mother’s incarceration (MI) or maternal closeness (MC) would make it difficult to differen-
tiate between rGE and G × E. Keeping in mind the two forms of gene–environment inter-
play (e.g., G × E and rGE) and that each form has different sub-models (e.g., social control 
and social trigger G × E and passive or evocative rGE), the resulting explanatory framework 
is fairly complicated. We summarize these different possibilities in Table 1 to illustrate both 
the utility of this study design for evaluating rGE and G × E models but also to illustrate the 
necessary complexity with respect to inference about population processes from our data.

With all due caution about the possibility of Type I and Type II errors in candidate G × E 
research (Duncan & Keller, 2011), we would interpret the results as follows: (a) Non-
significance of father interaction and significance of mother interaction would suggest that 
the link between 2R and delinquent behavior is mostly genetic (i.e., it would constitute 
evidence of passive rGE), (b) significance of both father and mother interactions would 
suggest that both genetic and non-genetic components are central to the link (i.e., evidence 
for G × E plus rGE), (c) significance of father interaction but not mother interaction would 
suggest that social factors moderate the link (i.e., evidence for G × E after examining for 
potential rGE), and (d) non-significance of both father and mother interactions would pro-
vide evidence that rGE and G × E are largely irrelevant with respect to this genotype and 
these measures of the environment. If evidence is found for the G × E model only, then 

Table 1:	 Behavioral Genetics Models Associated With MAOA 2R and Common Parent Environmental 
Moderator Predicting Son’s Delinquency

Significance of Mother 
Environment–MAOA 2R 
Moderation

Significance  
for Father Environment– 

MAOA Moderation

Potential Behavioral  
Genetic Patterns  

of Inference

Biological mother incarceration Biological father incarceration  
  No   No No G × E or rGE
  Yes   No Passive rGE or social trigger G × E
  No   Yes Social trigger G × E
  Yes   Yes rGE and G × E
Biological mother closeness Biological/nonbiological father closeness  
  No   No No G × E or rGE
  Yes   No Evocative rGE or social control 

G × E
  No   Yes Social control G × E
  Yes   Yes rGE and G × E

Note. Attribution of behavioral genetic models is based on theoretical genetic and environmental moderation 
patterns between MAOA and common mother and father variable, assuming no statistical error in moderation 
patterns. G × E = Gene × Environment interaction; rGe = gene–environment correlation.
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significant interactions for parental attachment but not parental incarceration will support 
the social control model, whereas the reverse finding will support the social trigger model.

The Current Study

As outlined above, understanding how genetic and environmental sources may interact 
to create intergenerational delinquency and criminal justice involvement remains an area 
has been limited in existing research. Using the novel transmission between mothers and 
sons for the MAOA gene, it is possible to study how the relationship between the MAOA 
2R genotype and delinquency may be moderated by parental incarceration and closeness. 
The joint pattern of interaction for mother and father variables, furthermore, may be jointly 
examined to infer possible rGE and G × E patterns, which may underlie these associations. 
We analyze joint patterns of mother–father incarceration and closeness as moderators of the 
MAOA 2R genotype’s association with delinquency, exploring how known rGE and G × E 
models (e.g., social trigger, social control) may inform existing research on intergenera-
tional delinquency and criminal justice involvement.

Method

Data

Data were taken from the National Longitudinal Study of Adolescent and Adult Health 
(Add Health). The Add Health in-home sample consists of 20,700 respondents enrolled in 
Grades 7 to 12 at Wave 1. Follow-up interviews were conducted in 1996, 2001-2002, and 
2007-2008, with approximately 14,700 (71%), 15,200 (73%), and 15,700 (75.5%) of the 
respondents, respectively, completing interviews at Waves 2, 3, and 4. Answers to sensitive 
questions in Add Health, including adolescent/adult offending and parental incarceration, 
were obtained using audio-computerized self-interview technology (audio-CASI) that is 
known to generally increase reliability of self-reports (Harris et al., 2009).

Sample

For this study, we examined males who had completed interviews at Waves 1 and 4, and 
had complete data for the genetic, environmental, and control variables we used. We use the 
Wave 1 and Wave 4 interviews as criteria for inclusion in this study, due to data for parental 
incarceration and genetic data for the full sample being collected at Wave 4, while control 
variables were collected at Wave 1. Because women may have two copies of the 2R allele, 
but men can only have a maximum of one, it is difficult to simultaneously evaluate the 
genetic association with problem behaviors among men and women. Accordingly, other 
research in this area limits their analyses to boys (Kim-Cohen et al., 2006) and men (Caspi 
et al., 2003). Our resulting sample contains 6,001 male respondents and 21,432 person–year 
observations that meet these criteria. Our analysis includes 76 individuals and 263 observa-
tions with the MAOA 2R genotype, which we discuss further below.

Measures

Delinquency

To measure delinquency, we use eight violent and non-violent actions (also used in previ-
ous work; see DeLisi et al., 2009; Guo, Roettger, & Cai, 2008; Roettger & Swisher, 2011; 
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Swisher & Roettger, 2012) that may lead to arrest and incarceration over the 12 months 
before the interview: deliberately damaging another’s property, stealing something worth 
more than US$50, stealing something worth less than US$50, selling drugs, threatening or 
using a weapon to take something from someone, participating in a group fight, burglary of 
a home or other building, or getting into a physical fight. Each item was measured as a col-
lapsed frequency count so that 0 = did not occur in previous 12 months; 1 = occurred 1 to 2 
times in previous 12 months; 2 = occurred 3 to 4 times in previous 12 months; and 3 = 
occurred 5 or more times in previous 12 months. At each wave, the eight items are summed 
to create an aggregate score. The Cronbach’s alpha for the scale is .78 at Wave 1, .77 at 
Wave 2, .72 at Wave 3, and .67 at Wave 4. We use self-reports of delinquency, which have 
been found to be reliable measures, while official measures such as arrest and incarceration 
frequently undercount illegal behaviors (Hindelang, 1981; Thornberry & Krohn, 2000). 
Following work by Bosick (2009) on crime over the life course and general analysis of 
panel data (Allison, 2009; Halaby, 2004), we use consistent measurement across waves.

Mother/Father Incarceration

To measure incarceration histories of the biological mothers and fathers, we rely on 
self-reports by respondents during Wave 4 interviews. Respondents were asked, “Has 
your biological mother/father ever spent time in jail or prison?” If respondents answered 
“yes,” they were next asked, “How old were you when your biological father went to jail 
or prison (the first time)?” Responses ranged from “not yet born” to “31 years old.” To 
address temporal ordering issues (e.g., child delinquency influencing parent incarcera-
tion) and timing of parental incarceration in the life course that are potential concerns in 
our analysis (Murray, Loeber, & Pardini, 2012; Roettger & Swisher, 2011; Sampson, 
2011), we use a time-varying measure that indicates whether the respondent’s biological 
mother or father was previously incarcerated prior to each wave of interview. We note 
that our use of an indicator variable for mother/father incarceration allows us sufficient 
power to consider G × Es for the rare MAOA 2R allele, but we are limited in our ability 
to detect small G × E effects.

Mother/Father Closeness

At each wave, respondents were asked how close they felt to their mothers and fathers; 
this included biological and non-biological parents (step-parent, adoptive parent, mother/
father figure). Responses for closeness ranged from not at all to extremely close. To capture 
potential time-varying gene–environment interplay between parental closeness and 2R 
association with respondent delinquency, we use time-varying measures for respondent 
closeness to their biological mother and biological or social father. Given that the 2R geno-
type is not transmitted from fathers to sons, use of biological and social fathers allows us to 
make inferences from gene–environment moderation for 2R-related delinquency patterns 
consistent with using only the biological father, while ameliorating missing data issues for 
the biological father at Wave 4.3 We measure mother/father closeness using the following 
scheme: (a) If the respondent reported it, we used the value for the biological mother/father 
who was either resident or non-resident at time of Wave 1 interviews; (b) if no report for the 
biological mother/father was present, we used the value for the non-biologically related 
father only when provided; and (c) if no data were reported for either the biological mother 
or father, we used the value of “not at all” if the biological mother/father was unknown or 
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known but absent. A smaller subsample using only cases with no missing values for close-
ness to the biological mother/father yielded substantively similar results.4

Previous Add Health research has combined subjective parental closeness with a series 
of activities the parent and respondent jointly participated. We do not use this more complex 
measure, for three reasons. First, parental involvement measures are restricted to activities 
within a 30-day period (Harris & Ryan, 2003). Second, although parental closeness has 
been found to be a significant predictor of delinquency, parental involvement remains sta-
tistically non-significant (Roettger & Swisher, 2011). Third, incarcerated parents often are 
physically far away from their children, but the vast majority of incarcerated parents main-
tain some form of contact with them (Braman, 2004; Mumola, 2000).

We include a control variable for if the biological/mother father was dead at each inter-
view wave. Bereavement of a dead biological parent is linked to delinquency (Draper & 
Hancock, 2011), but it is unclear if this process is moderated by closeness to a non-biolog-
ical parent, as in the case of non-biological fathers which have been shown to moderate 
delinquent behaviors outlined in the literature above. By controlling for the death of the 
biological parent along with the 2R-parental closeness moderation, we empirically examine 
whether the death of a parent differentially affects sons from those who report their biologi-
cal parent is not deceased.5

MAOA 2R Genotype

We measure the MAOA gene using data from the sibling sample collected at Wave 3 and 
the full population sample at Wave 4. The MAOA gene is located between base pairs 
43,654,906 and 43,746,823 (cytogenetic location: Xp11.3). Together with its neighboring 
MAOB gene, MAO genes encode mitochondrial enzymes which have important implica-
tions for the oxidization of biogenic amines including 5-HT, dopamine, norepinephrine, and 
serotonin. Those with low MAOA activity appear to have a reduced capability to degrade 
norepinephrine quickly, which accounts for the regular association between specific alleles 
in this gene and levels of sympathetic arousal and anger. The MAOA 2R genotype is a rare 
polymorphism in MAOA and is located at the 30-bp promoter region for the Variable 
Number of Tandem Repeats (VNTR) in MAOA, with other variations including the 3R, 
3.5R, 4R, and 5R variants of the gene (Guo, Ou, et al., 2008; Sabol, Hu, & Hamer, 1998). 
Although the MAOA gene has been extensively studied for its potential links to delin-
quency and violence (Kim-Cohen et  al., 2006), and the 2R allele has been identified in 
population and biochemical analyses as a particularly promising candidate for causing these 
behaviors due to the 2R’s low promotor activity and its direct correlation with delinquency, 
research remains difficult because the gene is rare and disproportionately concentrated in 
minority populations, along with other “short” alleles in analysis (Beaver et al., 2013; Guo, 
Ou, et al., 2008; Kim-Cohen et al., 2006; Sabol et al., 1998). As far as we know, the MAOA 
2R genotype association with delinquency has been directly studied in only a few studies, 
primarily due to rarity of the genotypes prevalence in the general population (Ficks & 
Waldman, 2014; Holland & DeLisi, 2014). Guo and colleagues (Guo, Ou, et al., 2008; Guo, 
Roettger, & Cai, 2008) originally examined this relationship using molecular data and the 
sibling sample of Add Health; one recent study by Beaver and colleagues (2013) explored 
criminal justice and violence measures for approximately eight Black males with MAOA 
2R in the Add Health sibling subsample. Recently, with the genotyping of the full Add 
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Health sample, it has become possible to analyze more cases involving the MAOA 2R gene. 
We thus examine the 2R genotype as a predictor of delinquency, vis-à-vis the 3R, 3.5R, 4R, 
and 5R MAOA genotypes among a panel of U.S. males.6

Familial and Neighborhood Factors

We also control for familial and neighborhood factors. We measure family structure as 
co-residence with both biological parents (a protective factor relative to single-parent or 
two-parent non-biological families). To control for household income and the oversampling 
of middle-class Blacks in Add Health, we include a measure for parental education. An 
alternative measure used by Ford, Bearman, and Moody (1999) for family socioeconomic 
status at Wave 1 produced virtually identical results; we do not include this measure because 
it removed about 100 cases from the analysis. For neighborhood measures, we incorporate 
the proportion of Blacks residing in the census tract, which approximates relative depriva-
tion and effects of residential segregation (Guo, Roettger, Cai, 2008), and the county’s 
overall violent crime rate (unfortunately, reliable measures of violence at the local neigh-
borhood level are not available in the data).

Analytic Plan

We adopt a three-level modeling strategy similar to that used by Guo and colleagues (Guo, 
Ou, et al., 2008; Guo, Roettger, & Cai, 2008) that models the main and interactive effects of 
2R and (a) mother/father incarceration and (b) mother/father closeness on longitudinal delin-
quency. We estimate a random intercepts model in which observations are nested within 
individuals and individuals are nested within families, allowing us to adjust for individual 
and familial clustering in the data. In supplemental analysis, we found that our results did not 
substantively change when an additional error term was added for (a) schools and (b) geo-
graphic locality. To reduce the influence of outliers, we log delinquency scores across waves; 
we found this model to yield comparable results with count-based regression models.7

In all analyses, we use list-wise deletion, which is generally known to produce more con-
sistent, though inefficient estimates than multiple imputation when imputations may be 
biased by unobserved factors (Allison, 2001). In this case, the relative rarity of the 2R geno-
type within the U.S. population and the unique nature of the inheritance process for the 
MAOA gene violate the missing at random assumption necessary for imputation. Because 
the sample is school based, clustering and non-response are of potential concern. As Chantala, 
Kalsbeek, and Andraca (2004) have shown, non-response for delinquency items in scales 
similar to those we use causes underestimation of delinquency by 1%. Non-response for the 
MAOA 2R genotype and parental incarceration are also concerns. Roettger and Swisher 
(2011) found that those reporting paternal incarceration did not differ substantially from 
those who did not complete interviews. The rarity of the MAOA genotype makes it difficult 
to ascertain whether non-response is a concern disproportionately for this genotype; how-
ever, we note that previous research has produced significant effects for 2R in Add Health 
(Guo, Ou, et al., 2008; Guo, Roettger, & Cai, 2008). Importantly, at Wave 4, we find that the 
joint probability of (a) having a parent incarcerated before Wave 1 and (b) having the MAOA 
2R genotype does not vary significantly from respondents who reported having only either 
(a) the MAOA 2R genotype or (b) a parent incarcerated before Wave 1. This suggests that 
rGE or G × E findings are not biased by the choice of interview at Wave 4.
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It is important to note that, although our sample of 76 cases and 263 observations with 
MAOA 2R data is small, this number constitutes a sufficient sample size to detect moderate 
differences between those with and without the 2R genotype in longitudinal data. Assuming 
a standard power analysis with α = .05 and β = .80, a sufficient sample size would constitute 
a need for approximately 44 cases.

Results

Means and standard deviations for the sample are described in Table 2.
Tables 3 and 4 report the results of multilevel regression estimates. Paternal risks are 

presented in Table 3 and maternal risks in Table 4. Models 1 to 4 of both tables show the 
main and moderating effects of paternal/maternal incarceration and the MAOA 2R gene, 
while Models 5 and 6 show the main and moderating role of mother/father closeness.

Father/Mother Incarceration

In both tables, Model 1 shows a strong and statistically significant association between 
delinquency and father (p < .001) and mother (p < .001) incarceration. Similarly, in Model 
2, the MAOA 2R genotype has a strong and statistically significant main effect; those with 
the 2R allele are significantly more likely to engage in delinquent behaviors (b = .114, p = 
.036). In Model 3 of both tables, we find that the addition of either father or mother incar-
ceration does not substantially alter the main effect of 2R: Father incarceration (p < .001) 
and the 2R genotype (p = .038) retain similar effect magnitudes and are simultaneously 
statistically significant, as do mother incarceration (p < .001) and the 2R allele (p = .035). 
These results provide strong evidence against the passive form of rGE for the 2R allele, 
parental incarceration, and delinquent behaviors.

In Model 4 of both tables, we include an interaction term between mother/father incar-
ceration and the 2R genotype. For the FI × 2R interaction, father incarceration (p < .001) 
remains significant, while the associations for both the 2R genotype and interaction term 
fall below the threshold of statistical significance. Similarly, mother incarceration (p < 
.001) remains significant, while both the 2R genotype and interaction term remain 
non-significant.

In sum, mother incarceration, father incarceration, and the 2R genotype all have direct 
and statistically significant associations with delinquency, but neither the MI × 2R nor the 
FI × 2R interaction is significant. This suggests that both the 2R genotype and mother/father 
incarceration (directly, along with associated variables such as parental criminality, family 
instability, poverty, etc.) exert largely independent effects on sons’ adolescent and adult 
problem behavior. These findings do not support the social trigger model of G × E nor sug-
gest an rGE.

Father/Mother Closeness

In Models 5 and 6 of Tables 3 and 4, we examine how maternal and paternal closeness 
may potentially moderate the effects of the 2R genotype when parental incarceration is 
controlled. Model 5 in Tables 3 and 4 provides a baseline relative to Model 3. Table 3 shows 
a statistically significant inverse relationship between father closeness and delinquency  
(b = −.33, p < .001): Delinquency declines with increasing closeness to the father. At the same 
time, the 2R genotype remains significant (p = .022), while father incarceration (p < .001) 
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Table 2:	 Descriptive Statistics for All Variables Used in the Analyses

Variable M SD

Serious delinquency score (logged)
  Wave 4 0.71 0.79
  Wave 2 0.52 0.71
  Wave 3 0.44 0.67
  Wave 4 0.24 0.52
Prior biological father incarceration
  Wave 1 0.12 0.33
  Wave 2 0.13 0.34
  Wave 3 0.14 0.34
  Wave 4 0.15 0.36
Prior biological mother incarceration
  Wave 1 0.02 0.14
  Wave 2 0.02 0.14
  Wave 3 0.02 0.15
  Wave 4 0.03 0.18
Closeness to father or father figure
  Wave 1 3.93 1.34
  Wave 2 3.73 1.31
  Wave 3 3.76 1.36
  Wave 4 3.67 1.36
Closeness to biological mother
  Wave 1 4.46 0.97
  Wave 2 4.33 0.96
  Wave 3 4.31 1.04
  Wave 4 4.11 1.34
Biological father dead
  Wave 1 0.03 0.17
  Wave 2 0.03 0.18
  Wave 3 0.04 0.20
  Wave 4 0.11 0.31
Biological mother dead
  Wave 1 0.01 0.11
  Wave 2 0.01 0.11
  Wave 3 0.02 0.12
  Wave 4 0.05 0.22
MAOA 2R genotype (2R) 0.01 0.11
Respondent age
  Wave 1 15.68 1.73
  Wave 2 16.22 1.64
  Wave 3 21.91 1.84
  Wave 4 28.49 1.84
Race
  Non-Hispanic White (reference) 0.54 0.50
  Non-Hispanic Black 0.20 0.40
  Hispanic 0.16 0.37
  Asian 0.07 0.25
  Native American 0.02 0.13
  Other race 0.01 0.09
Resided with both biological parents at Wave 1 0.56 0.5
Parent completed BA 0.25 0.43
Percentage of census tract African American 0.15 0.25
Violent crime rate 1.98 0.16
Number of respondents   6,001   6,001
Number of observations 21,436 21,436

Note. BA = bachelor of arts degree.



Roettger et al. / PARENTAL RELATIONS, MAOA 2R, AND DELINQUENCY  1087

remains highly statistically significant. Table 4 shows an equally significant, inverse rela-
tionship between mother closeness and delinquency (b = −.32, p < .001). The 2R genotype 
remains a statistically significant factor (p = .035) as in Models 1 to 4, along with maternal 
incarceration (p < .001).

Model 6 in Tables 3 to 4 shows the interaction between mother–father closeness and the 
2R genotype. In Table 3, the main effect of the 2R genotype remains statistically significant 
(p = .035), while the main effect of father closeness is negative and significant (p < .001). 
The interaction is also significant (b = −.086, p = .012), and its direction suggests that father 
closeness reduces the risks associated with the 2R allele; these findings support the social 
control model described above. We did not find a significant interaction between maternal 
closeness, the 2R allele, and delinquency.

Figure 1 shows the predicted level of delinquency for the interaction between MAOA 2R 
and father closeness. Among those who do not report being close to a father or father figure, 
respondents with a MAOA 2R genotype have a predicted delinquency score approximately 
1.6 times higher (p < .001) than those without this genotype. As reported closeness to a 
father or father figure increases, the difference in delinquency between the two groups 
declines. When respondents report being very close to their father or father figure, those 
with the MAOA 2R genotype have a higher but not statistically different level of delin-
quency; when they report the highest level of closeness, the two groups have identical pre-
dicted levels of delinquency.

Overall, moderation patterns suggest that the main effect of 2R is moderated by close-
ness of the respondent to the father, and not by closeness to the biological mother. Research 
suggests that absence of and lack of closeness to a father (biological or otherwise) reduces 

Table 3:	 Delinquency Among Males as a Function of MAOA 2R Genotype, Father Incarceration History, 
and Closeness to Their Fathers

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Father 
incarceration (FI)

0.124*** (0.017) 0.124*** (0.017) 0.124*** (0.019) 0.111*** (0.017) 0.111*** (0.017)

MAOA genotype 
(2R)

0.114* (0.054) 0.113* (0.054) 0.117 (0.058) 0.115* (0.054) 0.108* (0.054)

2R × FI −0.008 (0.131)  
Father closeness 

(FC)
−0.033*** (0.005) −0.032*** (0.005)

2R × FC −0.067* (0.035)

Model variance  
components

  Individual 0.223 0.226 0.223 0.223 0.224 0.224
  Family 0.269 0.271 0.269 0.269 0.263 0.263
  Residual 0.565 0.565 0.565 0.565 0.565 0.565
Log-likelihood −20733 −20756 −20731 −20731 −20681 −20678
Number of 

respondents
6,001 6,001 6,001 6,001 6,001 6,001

Number of 
observations

21436 21436 21436 21436 21436 21436

Note. Cell entries denote estimates from a series of multilevel models in which wave-specific measures of delinquency are nested 
within individuals and individuals are nested within families. All models control for age, gender, race/ethnicity, presence of both 
biological parents in the household, parental education (completion of college), biological father’s death, racial composition of 
respondents’ neighborhoods, and county-level crime rates (logged).
*p < .05. **p < .01. ***p < .001.
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Table 4:	 Delinquency Among Males as a Function of MAOA 2R Genotype, Mother Incarceration History, 
and Closeness to Their Mothers

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6

Mother incarcerated (MI) 0.151*** 0.151*** 0.145*** 0.128*** 0.128***
  (0.036) (0.036) (0.036) (0.036) (0.036)
MAOA genotype (2R) 0.114* 0.114* 0.099 0.116* 0.118
  (0.054) (0.054) (0.056) (0.054) (0.055)
2R × MI 0.382  
  (0.274)  
Mother closeness (MC) −0.031*** −0.032***
  (0.005) (0.005)
2R × MC 0.024
  (0.037)
Model variance components
  Individual 0.227 0.226 0.227 0.228 0.227 0.227
  Family 0.269 0.271 0.269 0.268 0.267 0.267
  Residual 0.565 0.565 0.565 0.565 0.565 0.565
  Log-likelihood −20752 −20759 −20750 −20749 −20730 −20730
  Number of respondents 6,001 6,001 6,001 6,001 6,001 6,001
  Number of observations 21,436 21,436 21,436 21,436 21,436 21,436
  Number of respondents 6,001 6,001 6,001 6,001 6,001 6,001
  Number of observations 21,436 21,436 21,436 21,436 21,436 21,436

Note. Cell entries denote estimates from a series of multilevel models in which wave-specific measures of 
delinquency are nested within individuals and individuals are nested within families. All models control for age, 
gender, race/ethnicity, presence of both biological parents in the household, parental education (completion of 
college), biological mother’s death, racial composition of respondents’ neighborhoods, and county-level crime 
rates (logged).
*p < .05. **p < .01. ***p < .001.

Figure 1:	 Interaction of MAOA 2R Genotype and Father Closeness in Predicting Delinquency
Note. Estimates derived from Model 6 of Table 2.
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delinquency and risk of incarceration (Booth et al., 2010; Demuth & Brown, 2004; Harper 
& McLanahan, 2002). Our findings generally fit those reported by R. E. Johnson (1987), 
where father closeness was a more significant predictor of delinquency and maternal close-
ness did not vary significantly within the sample.

Although we controlled for race/ethnicity in all models, misleading results due to popu-
lation stratification are a potential issue with our analysis. This arises because of the dispro-
portionate concentration of the 2R allele among Blacks in our sample and increased levels 
of externalizing behaviors among non-Hispanic Black compared with non-Hispanic White 
males. To test against this possibility that 2R was a proxy for socially defined racial identi-
fication, we evaluated the same models among Black males only. We replicated the statisti-
cal and substantive results described above (results available upon request). In short, these 
ancillary analyses provide strong evidence that our results are not being driven by popula-
tion stratification.

Discussion

Research on gene–environment interplay has produced exciting, but sometimes contra-
dictory results (Caspi et al., 2002; Freese & Shostak, 2010). In this study, we show that 
social resources and protective factors may be more salient moderators of genetic influ-
ences on delinquent behavior than social risks or stressors, a finding consistent with other 
studies in this area (Boardman et al., 2011; Guo, Roettger, & Cai, 2008). Importantly, the 
finding that closeness to a father decreases the influence of a risky genotype aligns with 
previous research. In contrast, the effect of the 2R genotype on delinquency is not moder-
ated by closeness to the biological mother, though increased maternal closeness, generally, 
is associated with reduced delinquency. Although our results are in-line with prior research, 
we encourage future researchers to examine comparable associations with independent 
samples, particularly given the paucity of data analyzing the MAOA 2R genotype in exist-
ing research.

How do we explain the moderation effects among our panel? As we discuss in more 
detail below, data limitations make it important to avoid making causal inferences from the 
analysis. However, it is possible to deduce some basic conclusions. The fact that both the 
2R genotype and father/mother incarcerations exert strong and significant main effects, but 
show little or no interaction for those with the 2R genotype, is noteworthy. It suggests that 
father/mother incarceration and the 2R genotype are largely independent effects. Instead, 
father closeness is the only variable found to moderate the 2R genotype, even when we 
control for father incarceration. This result fits with the general findings that closeness to a 
father, either biological or non-biological, reduces delinquency, while absence of a father 
increases risk of delinquency and incarceration (Booth et  al., 2010; Demuth & Brown, 
2004; Harper & McLanahan, 2002). The results also fit the G × E model of social control,8 
through which environmental variables moderate the expression of the 2R genotype on 
delinquent behavior.

The rise of mass incarceration in recent decades has resulted in parental incarceration 
becoming a common life course event (Western & Wildeman, 2009). Although the 2R gen-
otype may be associated with increased risk of arrest, incarceration, and antisocial behavior 
(Beaver et al., 2013), we did not observe rGE or G × Es between mother/father incarcera-
tion and 2R. This lack of association may not only be a result of statistical error but also 
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suggest that parental incarceration and associated delinquency may not constitute environ-
ments that socially trigger the 2R-delinquency association. Recent scholarship has sug-
gested that the effects of parental incarceration on children is a result of an array of a 
complex set of related events, which may include social, biological, familial, and develop-
mental factors (Giordano & Copp, 2015; Roettger, 2015); consequently, this may imply that 
more complex G × Es may also explain results.

Genetic propensities may instead be moderated more by factors that control delinquency, 
such as families. In accord with the rise of single-parent families over the last half-century 
(Livingston & Parker, 2011), roughly one third of males in our sample report not residing 
with both biological parents at Wave 1. The lack of a resident father is associated with an 
increase in delinquency (Booth et al., 2010), with father involvement and closeness also 
generally declining over time as years progress beyond the father’s departure (Cheadle, 
Amato, & King, 2010; Livingston & Parker, 2011). Families where a father has undergone 
incarceration experience relationship instability and lack of a stable father or father figure, 
arising from separation during incarceration, relationship instability, and the gatekeeping 
role mothers frequently use to limit father–child involvement after a biological father is 
released (Braman, 2004; Roy & Dyson, 2005; Swisher & Waller, 2008). These conditions 
create environments where the lack of close father or father figure favors expression of 
2R-related delinquency, and not genetic transmission of delinquency. In an era of mass 
incarceration, (lack of) stable familial relationships restraining deviant behaviors may drive 
intergenerational criminal justice involvement, contrasting with the notion that crimino-
genic environments may facilitate intergenerational incarceration in families which have 
genetic propensities for delinquency.

Regardless, many familial, social, and neighborhood factors are thought to influence 
intergenerational delinquency, including low socioeconomic status, abusive parenting, low 
self-control, lack of prosocial parenting skills, family instability, friendships, and poor 
school and neighborhood environments (Boutwell & Beaver, 2010; Farrington et al., 2009; 
Roettger & Swisher, 2011; Thornberry, Freeman-Gallant, Lizotte, Krohn, & Smith, 2003). 
What is sometimes called a “criminogenic environment” is associated with early-onset 
offending (Moffitt, 1993; Tibbetts & Piquero, 1999) and implicated in the link between 
parental incarceration and child antisocial behavior/delinquency (Farrington, 2011; 
Wakefield & Wildeman, 2011). Although our observations with the 2R genotype are not 
consistent with those of DeLisi and colleagues (2009), this does not invalidate their findings 
but rather highlights the variation in the types of gene–environment interplay at work in 
complex phenotype like delinquency. The interplay of thousands of genetic and environ-
mental variables is further complicated when millions of genetic markers are assessed 
across the genome. As the results of null findings from one recent genome-wide-associa-
tion-study for delinquency by Tielbeek and colleagues (2012) suggests, fitting these pieces 
together into a coherent story while accounting for both Type I and Type II errors is a 
Herculean task (Turkheimer, 2012). By examining gene-candidates and arrays of genes on 
the X or Y chromosomes that are linked with delinquency that can be exploited by study 
design, rather than entire genomes, we believe it is possible to make some inference about 
underlying gene–environment interplay while reducing issues with multiple testing that 
may lead to null effects. Such research is necessary to unravel the complex causation under-
lying the genetic and social factors that may lead the more easily observed pattern of crime 
occurring within families.
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Notes

1. The lack of consideration of genetic–environment interplay is notable in the larger body of research and research 
reviews on parental incarceration and child outcomes (e.g., see the recent exchange between E. I. Johnson & Easterling, 2012, 
and Wildeman, Wakefield, & Turney, 2013).

2. In laboratory experiments, Guo, Ou, et al. (2008) reported that the 2R MAOA variant exhibited substantially lower 
promoter activity for regulating neurotransmitters vis-à-vis all other common polymorphisms of MAOA. This molecular 
evidence suggests that those with the 2R allele are at particularly high risk for antisocial behaviors.

3. At Wave 4, respondents were asked about closeness or for the mother or father figure, defined as “the man/woman you 
feel raised you.” This could be the biological parent, or any non-biological parent. Approximately 28.6% of biological fathers 
had missing father closeness data at Wave 4.

4. To examine whether distinct patterns emerged for closeness to the respondent’s biological mother and father, we ran 
supplemental analyses for the MAOA 2R × Mother/Father Closeness interactions using only cases where closeness to the 
biological parent was reported. This deleted 1,009 respondents and 4,746 observations for 2R × FC interaction, and 273 cases 
and 1,652 cases for the 2R × MC interaction. The 2R × FC interaction term was statistically significant (p < .05) for biologi-
cal fathers only and similar in magnitude to the results described below, while the MC × 2R interaction was not statistically 
significant and also similar in magnitude to the results reported below.

5. The number of cases of a respondent who reported a mother or father dead prior to Wave 4 interviews was 1% to 4%. 
For the 2R genotype, the resulting number of cases is insufficient to test whether the death of a parent moderates the expres-
sion of the 2R-delinquency relationship.

6. The work by Beaver et al. (2013) report differential distribution of the 2R allele by race and ethnicity for the Add 
Health sibling sample. In our sample, we find a comparable distribution, with the 2R allele frequency of 0.33% for non-Black 
respondents and 4.65% among Black respondents. The lack of sufficient sample size for the number of 2R cases among non-
Black respondents in our sample creates a substantial probably of Type II errors. Population stratification leading to the results 
below is a concern; as a result, we also examine and report the consistency of results for the main 2R effect and interactions 
among Black respondents only.

7. In supplemental models, we also explored using a three-level, negative binomial regression model for raw delinquency 
scores to examine robustness of the results presented below. We found substantively similar results but found these count-
based models were sensitive to slight changes in model specification. As such, we opted for use of the three-level multilevel 
model presented in the text.

8. Alternatively, an evocative gene–environment correlation may explain the moderation for father-only results. For example, 
respondents with the 2R genotype may be less close to their fathers with increased 2R-related delinquency due to their imprison-
ment, or fathers distancing themselves from their children. It is also important to consider that father closeness could very well 
be shaped by other genetic polymorphisms across the genome. This is not the case with the 2R genotype in the MAOA gene 
because boys must have inherited this from their mothers, but this is not meant to imply that father closeness does not have genetic 
underpinnings—simply, that it cannot be the case with this specific genotype. The assortative mating literature has shown that 
genetically similar individuals are more likely to enter a marriage than genetically dissimilar persons (Domingue, Fletcher, Conley, 
& Boardman, 2014), and partners also sort on antisocial behavior (Krueger, Moffitt, Caspi, Bleske, & Silva, 1998), but we are 
unaware of any study demonstrating assortative mating by the 2R allele in MAOA. We encourage future work to consider this idea.
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